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EXPERIMENTS WITH SINGLE-STALK COTTON 
CULTURE IN LOUISIANA, ARKANSAS, AND 
NORTH CAROLINA. 


By P. V. Carpon, 
Assistant Agronomist, Office of Crop Acclimatization. 
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IMPORTANCE OF SINGLE-STALK COTTON CULTURE. 


Single-stalk cotton culture was first announced as a new system 
in 1913, and at that time also its principles were outlined.' Since 
that year three additional publications? have been issued, which 
present results obtained in 1913 and 1914 from experiments with the 
system in Virginia, South Carolina, and Texas. The purpose of this 
report is to present the results obtained in 1915 from a series of 
experiments conducted in the States of Louisiana, Arkansas, and 
North Carolina. 

The single-stalk system is based on the recognition of a fact that 
has not been taken into practical account in most of the cultural 


1Cook, O. F. A new system of cotton culture. U.S. Dept. Agr., Bur. Plant Indus. Cir. 115, p. 15-22, 
1913. 

2Cook,O.F. A new system of cotton culture andits application. U.S. Dept. Agr., Farmers’ Bul. 601, 
12p., 2fig. 1914. 

Cook, O.F. Single-stalk cotton culture. U.S. Dept Agr., Bur. Plant Indus. [Misc. Pub.] 1130, 11 
p., 12 fig. 1914. 

Meade, R.M. Single-stalk cotton culture at San Antonio. U.S. Dept. Agr. Bul. 279, 20 p., 3 fig., 6 pl. 
1915. 
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experiments that have been made with cotton, namely, that the 
cotton plant has two distinct kinds of branches, vegetative and 
fruiting, and that the relative growth of these can be controlled by 
cultural methods. Single-stalk cotton culture differs from systems 
usually employed in two essential features, namely, the time of thin- 
ning and the spacing of plants in the row. Where the usual methods 
involve thinning the seedlings soon after complete germination and 
spacing to distances varying with the locality from 12 to 30 or more 
inches, single-stalk culture involves later thinning and closer spac- 
ing, down to 6 inches, or even less under some conditions. 

The purpose of the later thinning is to suppress the development 
of vegetative branches, which usually are produced at the lower nodes 
of the main stalk. If cotton plants are left close together in the row 
during the early stages of their growth, few vegetative branches are 
likely to develop, for the buds at the lower nodes of the main stalks 
remain dormant, and only fruiting branches appear at the upper 
nodes. So in applying single-stalk culture, thinning is delayed until 
after the suppression of vegetative branches has been accomplished 
and until fruiting branches are expected to appear. Then the plants 
are spaced only far enough’ apart to allow for the normal develop- 
ment of the fruiting branches. The distance at which single-stalk 
plants may be spaced to advantage will depend upon local conditions, 
differing with soil and climate and the variety used, but, owing to 
their narrow, erect form the plants may be left much closer together 
than usual without danger of injurious crowding. In fact, single- 
stalk rows usually are less crowded than those in which the plants, 
thinned early and wide spaced, have been allowed to develop fully 
their long basal limbs, which often equal or even exceed in size the 
main stalk of the plant. 

Owing to the suppression of excessive vegetative growth on single- 
stalk plants, they usually reach maturity in a shorter time than the 
more bushy plants. While fewer bolls per plant may be produced, 
single-stalk rows usually contain a greater total number of bolls and 
hence give larger row yields than rows grown by the usual systems of 
culture. Another important feature of single-stalk culture is that, 
where later thinning is practiced, greater protection is afforded 
against damage from inclement weather or other injuries to which 
the seedlings are subject, particularly leaf-cut or tomosis.1_ An addi- 
tional advantage of later thinning lies in the opportunity to take out 
weak or injured plants when the thinning is done, so that only normal 
individuals are left, a condition which increases the yield and earli- 
ness of the crop. 


1Cook,O.F. Leaf-cut, or fomosis, a disorder of cotton seedlings. In U.S. Dept. Agr., Bur. Plant Indus. 
Cir. 120, p. 29-34, 1 fig. 1913. 
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The success attained in early experiments with single-stalk culture 
led to a belief that it should prove advantageous under a variety of 
conditions existing in the cotton belt. The idea of suppressing the 
vegetative branches was first developed and applied in connection 
with the production of Egyptian cotton in the Southwest, where it 
proved to be of distinct value in checking the rank growth of the 
plants, which for a time threatened the success of the industry.’ 
Later, at Norfolk, Va., where the season is relatively short, single- 
stalk culture gave significantly larger and distinctly earlier yields 
than the older methods with which it was compared. Similar results 
have since been obtained in South Carolina with both Sea Island and 
Upland cotton, and also in Texas, where the most striking advantages 
have been shown under extreme conditions both of drought and of 
weevil infestation. These early experiments showed that the system 
could be used to advantage under a very wide range of conditions, 
but a large amount of experimental work still remains to be done in 
order to determine how to secure the best results with the system 
under any given combination of local conditions of soil, season, and 
variety of cotton. 

The results of these experiments indicate that single-stalk culture 
may be profitably applied under a wide range of natural conditions, 
but definite recommendations can not be made for all localities, as 
it is recognized that a thorough knowledge of local conditions and 
familiarity with the new system are essential to its successful appli- 
cation. It is not expected that experiments with the new system 
will show advantages under all conditions, and in some instances 
unfavorable results may be secured, as has been recorded by the 
Bureau of Entomology in connection with tests conducted by that 
Bureau in Louisiana in 1915. Such cases may enable the experi- 
menter to understand the nature and practical limitations of the 
system and to determine under what conditions of climate, soil, etc., 
it may be a desirable method for the cotton grower to adopt. 


LOCALITIES WHERE EXPERIMENTS WERE MADE. 


The present experiments were located in the States of Louisiana, 
Arkansas, and North Carolina. The parishes and counties in which 
the work was done, the farmers conducting the experiments, their 
post-office addresses, and the agents cooperating are listed in Table J. 

1 For a general statement of the cultural difficulties encountered and the means employed in surmount- 


ing them, see Scofield, C. S., Kearney, T. H., Brand, C. J., Cook, O. F.,and Swingle, W. T., Community 
production of Egyptian cotton in the United States, U.S. Dept. Agr. Bul. 332,30 p. 1916. 
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TaBLe I.—List of localities where experiments in single-stalk cotton culture were 
conducted in 1915, showing cooperators therein. 


State and parish or county. Farmer. Address. County agent. 
Louisiana: o 
Pomte Coupee... 2-22< sa-- 20.25 John Hepert-. ceeeen. case WVentressSs.-232- =: Felix Dabadie. 
D ilardeeey. ts) 2a GOs AER ee Do. 
Mounds 2232522". T. I. Watson. 
Duckport.......-- Do. 
Delta Point......- Do. 
Bee PEA oa unts 
lee 2s 2 tis'clc'| Santee COS See eee 0. 
Siireveport. EE Eee A.J. Scott. 
Gilliam... ABE Do. 
=|) Gilbert-eeoeceeeeee L. M. Calhoun. 
Fouke-.- J-J223)/40. Bo Diueker. 
Texarkana.......- Do. 
Dose 2 as 5 FS ee Te a eee. ee eee | eee Golsh. tere a Do. 
North Carolina: 
Mdpecombe:s 20825-20232 Wik: Bensoniiae = --e Seed Battleboro...-...- Zeno Moore. 

Dos Cee eS cee DD ea ranchonsese eee Wihitakers? 22 "2-- Do. 

Mover. cee. tee ee: W:.. Re elton) 755s 3-2 Sek Conetoe-. 2 ao4s554 Do. 
SAMPSON oes, etna re ste ee AD) Sloan. ees secon Ingoldigeece os aace MacD. Davis. 

Wort: ..85-eaee e WTS Wright. sees 22 2° SS ee Mos ties fee Do. 

IDYO)56 Sogn eeesseccoseaelenic Tigh GLeenh -paeeee= eee een aemee Doadseosacane Do. 
Duplin Ast ..232. Sree y: L. M. Sanderson..........-- Warsaw......----- D. J. Middleton. 
Craven 52 >So. eee. ae eee Jetss ROPES see cone Riverdale......... J. W. Sears. 

1D Ys ARS Seen SSE ee ees iB. CAgbetersonls eee neoeee os Vanceboro......-- _ Do. 


1 Three experiments were conducted at this point. When the farms were visited on August 13, 1915, 
the conditions all appeared favorable to single-stalk culture. However, repeated requests have failed to 
bring any report of the final results obtained, so these experiments can not be included herein. 


In the case of some of the farmers listed in the table, as will be 
pointed out later, relatively poor stands were obtained, for which 
certain allowances must be made. In most of the cases in which the 
stands were uniformly good, a fairly adequate comparison of methods 
was possible; but in others, as will be shown, thinning certainly was 
done too late to secure the best results, and in some instances the 
crop may have been injured in this way. 


METHODS OF PROCEDURE. 


SELECTION OF COOPERATORS. : 


The county agents selected from among thefarmers in theirrespective 
counties (or parishes) a few of those who were most interested and 
gave evidence of being able to carry out instructions. They are not 
necessarily the best farmers in their respective counties, but they are 
representative of the better farmers. Their farms are so distributed 
as to afford conditions fairly typical of those over a large part of 
each State, except in the case of Arkansas, where flood damage re- 
sulted in the abandonment of most of the experiments that were begun. 
Although the experiments in North Carolina were confined to the 
eastern district, a large part of the total cotton-growing acreage of 
the State is represented. In Louisiana, experiments were conducted 
in sections typical of the larger areas of the State where cotton is 
grown. 
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PLAN OF THE EXPERIMENTS. 


The county or parish agents were requested to make arrangements 
with the farmers for conducting the experiments on ordinary fields of 
cotton, planted and cultivated in the usual manner. It was sug- 
gested that a more accurate comparison of the systems of culture 
employed would be possible if the methods were compared in alternate 
rows and in alternate blocks of 4 or 5 rows. To do thisit would be nec- 
essary to thin at the usual time each alternate row or block and leave 
the others for later thinning. In several instances this plan was fol- 
lowed, but in some instances comparisons were made only in alternate 
rows. In one case in Louisiana an entire acre, located in the center 
of a field of several acres, was grown by the single-stalk method. 


THINNING SINGLE-STALK ROWS. 


Any intelligent grower, after a little careful observation, can tell 
when to thin; but for the purpose of these experiments it was con- 
sidered more dependable actually to demonstrate the method than 
merely to issue written instructions. Accordingly, some one familiar 
with the new system directed the thinning of the single-stalk rows in 
most of the experiments. The few farmers whose farms it was im- 
practicable to visit at this time thinned according to written instruc- 
tions, and these experiments were, with one or two exceptions, fairly 
dependable. 

The general advantage obtained in applying single-stalk culture is 
the suppression of vegetative branches. ‘The distance at which the 
plants should stand in the row is a secondary consideration and 
must be regulated to suit local conditions, but as a rule the largest 
yields have been obtained with the plants much closer together than 
is now customary. Accordingly, the plants in the single-stalk rows 
of these experiments were spaced 6 to 10 inches, the standard aimed 
at being about 8 inches. The plants as thinned by the farmers in the 
old-method rows were variously spaced, according to usual practice, 
18 to 36 inches. 


RECORDING THE YIELDS. 


The recording of yields in each case was left with the farmer, who 
in some instances was assisted by the county agent. However, it 
was requested that the yield from each row at each picking be re- 
corded separately, and blanks for this purpose were furnished. Row 
yields were reported by 17 of the 21 farmers, while only total yields 
were reported by 4 farmers. The general rule followed was to have 
the picking done from only one row at a time and have the yield of 
that row recorded before proceeding to the next. 
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RESULTS OBTAINED. 


As these experiments were largely demonstrational, it is of chief 
importance to consider their economic phases. While more detailed 
reports of the flower counts, boll counts, branch measurements, etc., 
would be of interest from the standpoint of a scientific consideration 
of the factors involved, these data are treated only incidentally in 
this report. The interest at this time lies in knowing whether 
single-stalk culture increased the yield of seed cotton, whether it 
had any effect on the percentage of lmt, and whether the quality 
of the lint was in any way affected. 


YIELDS OF SEED COTTON. 


The experiments are herein discussed by States, in the following 
order: Louisiana, Arkansas, North Carolina. In presenting the 
yields of seed cotton obtained, each experiment is first considered in 
detail, apart from the others. A summary table, bringing together 
the total yields of all the experiments, is then presented to facilitate 


comparisons. 
LovuIsIANA. 


The nine different experiments conducted in Louisiana, all under 
boll-weevil conditions, are considered by parishes, as follows: Pointe 
Coupee, in the south-central part of the State; Madison, in the north- 
eastern part; Bossier and Caddo, in the northwestern part. 


POINTE COUPEE PARISH. 


Two experiments were conducted in Pointe Coupee Parish, on the 
farms of Messrs. John Hebert and Alfred Robillard, near Ventress. 
They were about a quarter of a mile apart. Both are located on 
sandy soil, typical of that drained by the Mississippi River in this 
part of Louisiana, and in each instance the cotton was planted on 
low beds in rows 44 feet apart. Unfavorable weather influenced 
both crops early in the season, wet weather during March being 
followed by drought. 

The Hebert expervment.—Mr. John Hebert planted Sugarloaf cotton 
on May 10, which was considered unusually late in this section. 
He planted at the rate of 25 pounds per acre, which was heavier 
than usual. Germination was good, and an almost ideal stand was 
secured. Single-stalk culture was compared with the usual method 
in alternate rows, there being 14 rows of each. 

The old-method rows were thinned on May 25, when the plants, 
3 to 4 inches high and with 2 to 3 leaves, were spaced about 18 
inches apart. When the single-stalk rows were thinned on June 6, 
the plants were 10 to 12 inches high and had 6 to 8 leaves. ‘They were 
spaced 6 to 10 inches apart. Had the thinning of the single-stalk 
rows been done a little earlier, it is likely that it would have been 
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better, but, as Table II shows, significant differences in yield were 
obtained. Only the total yields of each picking were reported. 


TasLe II.— Yields, obtained in a single-stalk culture experiment with cotton conducted 
in 1915 by John Hebert, Ventress, La. 


Yield of seed cotton (pounds). 


Spacing system. 
First Second 


picking. | picking. | T0t@l- 
Single-stalk rows, thinned June 6..----.-------------- ocodeceneadacuesees 505 350 855 
Old-method rows, thinned May 25......-..-.-.----------------+---------- 380 300 680 
Difference: 
IPOWERG Bsc CoutomnabocodadSonuaaussHeoobucoqobebasssoodoucusescodposces 125 50 175 
lege @iillitss dowe ab deaBent bes CRRA AOAC SABE E CASO E, oS AAS BOOB SBE eee eer on of 32.9 16.7 25.7 


Table II shows single-stalk culture to have had a marked advan- 
tage from the standpoint of earliness as well as of total yield. Single- 
stalk culture yielded 32.9 per cent more cotton at the first picking 
than the old method, and 16.7 per cent more at the second picking. 
This gave an increase in total yield of 25.7 per cent. 

The Robillard expervment.—Mr. Robillard planted Bank Account 
cotton on May 6, using only 15 pounds of seed per acre. Only a fair 
stand was obtained; the seedlings were somewhat scattered and in 
some rows there were short skips. This made it impossible to 
apply single-stalk culture to the best advantage. Moreover, Mr. 
Robillard spaced the plants in the single-stalk rows farther apart 
than was recommended. ‘There were 20 rows in the experiment, 
the two systems of culture being compared in alternate rows. 

The old-method rows were thinned on May 19, when the plants 
were 4 to 5 inches high and had 2 to 3 leaves; the single-stalk rows 
were thinned on June 8, when the plants were about 10 inches high 
and had 7 to 8 leaves. The plants in the old-method rows were 
spaced 18 to 24 inches apart, and in single-stalk rows 10 to 12 inches. 

Three pickings were made in this experiment, and the yields are 
reported in Table III. Only the total yields of each picking were 
reported. 


TaBLE III.—Yv%elds obtained in a single-stalk culture experiment with cotton conducted 
in 1915 by Alfred Robillard, Ventress, La. 


Yield of seed cotton (pounds). 


Spacing system. 

First Second Third Total 

picking. | picking. | picking. the 
Single-stalk rows, thinned June 8..............-.----- (geht eel 226 211 169 606 
Old-method rows, thinned May 19..................-------.--- 177 178 134 489 

Difference: i 

HSU Se Aeers ETO VTi AS Weare eH Aon ait: ONY ye) FS 51 33 | 35 117 
JETEIP GELORER' oe Rs stem dP ere Om a Ae PR ET 28.8 18.6 26.1 23.9 
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Table III shows that the increase in yield from each picking 
favored single-stalk culture by 28.8, 18.6, and 26.1 per cent, respec- 
tively, giving a total increase of 23.9 per cent. 


MADISON PARISH.! 


Three experiments were conducted in Madison Parish, located at 
intervals of about 5 miles between Tallulah and Delta Point, the 
latter bordering on the Mississippi River. 'Two of these were on sandy 
alluvial soil, and the other was on heavy buckshot soil, both soils 
being fairly representative of types found in that section, known as 
the Delta. In all cases the cotton was planted on low beds in rows 
about 4 feet apart. Spring conditions were unfavorable generally, 
a wet March being followed by drought through April and May. 

The Killarney expervment.—This experiment was on buckshot soil 
located on the Killarney Plantation, at Mounds. Owing to the poor 
stand obtained from the first planting, a second planting of Simpkins 
cotton was made on April 15, and a fairly good stand was secured. 
On June 3, a few plants from the first planting were visible in the 
single-stalk rows and it was suggested that at thinning time, about 
a week distant, these older plants be removed, since there were 
enough of the younger plants for single-stalk purposes. To leave 
the older ones would have resulted in nonuniformity. Mr. T. I. 
Watson, parish agent, directed this later thinning. : 

The old-method rows were thinned on May 22, when the plants, 
4 to 6 inches high and with 3 to 5 leaves, were spaced 18 to 30 inches 
apart. The single-stalk plants, thmned on June 12, when they were 
8 to 10 inches high and had 6 to 8 leaves, were spaced 8 to 10 inches 
apart. 

In practically all of the rows of this experiment there were a few 
skips 3 feet or more in length. Toward the end of the season the 
skips appeared to be greater in the aggregate in the wide-spaced 
rows than in the single-stalk rows, and this was doubtless a factor 
in the increased yields, as often occurs with the new system. Prior 
to the time of thinning the wide-spaced rows, the stand of all the 
rows was so uniform that no appreciable differences in the number 
and length of skips per row were perceptible. Any differences of soil 


1Jn reporting the yields from the experiments made in Madison Parish, Parish Agent T. I. Watson 
told of the results of an informal experiment with single-stalk culture conducted on his own initiative by 
Mr. N. C. Williamson, of Millikin, East Carroll Parish, La. Mr. Williamson applied single-stalk culture 
on 2acres. Ofthe yields obtained, Mr. Watson said: 

I was at his [Williamson’s] place on November 24 and secured his yield, which was 1,300 pounds of lint 
from the 2 acres, or an average of 650 pounds of lint per acre. His general crop is making about 1,280 
pounds of seed cotton per acre, or 80 bales on 100 acres. Mr. Williamson does not consider that he carried 
out the method fully enough to be recognized as an experiment, but thinks well of it ard says he is going 
to try it out next year. 

Mr. Williamson’s crop of 80 bales of lint from 100 acres is equivalent to about 400 pounds of lint per acre. 
Compared with this, as reported by Mr. Watson, the 2 acres of cotton grown by the single-stalk method 
yielded an average of 650 pounds of lint. On the basis of these figures, it is seen that single-stalk culture 
yielded 250 pounds of lint per acre, or about 62 per cent, more than the old method. 
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or other local conditions would tend to be equalized by the alter- 
nate-row method of-comparing the two systems of culture. But 
more numerous and wider skips often appear in wide-spaced rows 
on account of injury to seedlings, due to greater exposure in the 
early stages of their development. Fewer plants are injured in 
single-stalk rows because of the mutual protection afforded by the 
thick-standing seedlings, and such injuries as occur are rendered 
unimportant because enough plants remain to thin as desired. This 
feature has been previously pointed out as one of the many advan- 
tages of later thinning.' 

There were 16 rows in the experiment, the two systems being 
compared in alternate rows. Two pickings were made, but the yields 
from only the first picking were reported. These are shown in 
Table IV. 


TaBLeE 1V.—Row yields of the first picking obtained in a single-stalk culture experiment 
with cotton conducted in 1915 on the Killarney Plantation at Mounds, La. 


Yield of seed cot- Yield of seed cot- 
ton (pounds). ton (pounds). 
Row. aa as a a a Row 
Single Old Single Old 
stalk. method. stalk. | method. 
INGE eS ouee Sone ote poe ee eee 35 DON WINO: Teas ie os ec eiromee eee 38 27 
ING: 2 Geek Sete Seer 43 BASH MINOE NS SEBO SAO terme aaererre 33 20 
WIGS Bacaees Ses esee ase eee 33 24 
IRIOE 5G ye aR es Boe ee 38 26 To tallureyace se 5 sa 287 207 
ING, Baesy SESS aes BERS meee 35 25 Diflerence seen eli SON saenee Ose 
ING: Gackudopeneec ee see eee eC eee 32 28 Increase ...... per cent... BY Pets MV Sara, 


Table IV shows that in this experiment single-stalk rows yielded 
more cotton in every instance than adjoiming old-system rows, the 
total increase for the first picking being 39 per cent. Judging by the 
appearance of the rows in August, when counts of immature bolls 
were made by Mr. Watson and the writer, showing 75 to 100 per cent 
more bolls on the single-stalk rows than on the others, it is believed 
that the difference in yield from the second picking, had it been 
recorded, would have been even greater than 39 per cent. But even 
if it were no greater, or considerably less, the difference in the first 
picking is of marked significance, since the experiment was located 
in a section of maximum boll-weevil infestation, where earliness in 
the cotton crop is of the greatest importance. 

The Boney experiment.—This experiment was on sandy soil located 
on the farm of Mr. R. K. Boney, at Duckport. Half-and-Half cotton 
was planted under fairly desirable conditions (date and rate not 
reported) and a good stand was secured. Definite details concerning 
the time of thinning the old-method rows and their condition when 
thinned were not reported. The plants in these rows were spaced, 


1SeeCook,O.F. Leaf-cut, or tomosis, a disorder of cotton seedlings. In U.S. Dept. Agr., Bur. Plant 
Indus. Cir. 120, p. 29-34, 1 fig. 1913. : 
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however, 18 to 24 inches in the row. When inspected on June 3, the 
old-method plants were branching normally, indicating fairly early 
thinning. At this time, also, the plants in the single-stalk rows were 
rather too far advanced for the best results, numerous fruiting 
branches being visible. Although thinning was completed within 
the two days following, on June 4 and 5, it is reasonable to assume 
that more significant results would have been obtained had thinning 
been done several days earlier. When thinned the plants were 8 to 
12 inches high with 6 to 8 leaves. With a long-staple variety, this 
would have been more nearly the proper time to thin, but with Half- 
and-Half, a short-staple cotton, it unquestionably was too late. The 
plants were spaced about 8 inches apart. 

There were 12 rows in the experiment, and the two systems of 
culture were compared in alternate rows. Two pickings were made, 
the yields of each row for each picking being as reported in Table V. 


TABLE V.—Row yields obtained in a single-stalk culture experiment with cotton 
conducted in 1915 on the farm of R. K. Boney, Duckport, La. 


| Yield of seed cotton (pounds). 


Ror First POE Second picking. Total. 
Single Old Single Old Single Old 
stalk. | method.} stalk. | method.]| stalk. | method. 
Gp Ue See eroserursase Sornhesedosendscto 38 34 16 24 54 58 
INO M2: 28 be a, veces een aetalasseet ass 34 35 31 24 65 59 
INO Noose eee setete er eect e saci eres eso 38 34 29 22 67 56 
INO 14 2s ae Pye es ee ee ye ee ei eee 40 30 27 21 67 51 
INOS Dieses Seo SS Sen Pes ae ee rab séceechotsage 35 35 24 21 59 56 
NDS G2 2eee see sere ee eRe eeee eee eee 42 38 22 28 64 66 
Motalss esses 5... betes eee £2 227 206 149 140 376 346 
Ditlerencess: aso SS se ee ee 20 sfc sc]! OM tere settee alu Eaters 
TICTBASE oe! ar ee =o ee per cent.. LOR ase s5282 = Gal. gst aed Qa eee ek cn 0 


Table V shows that the yield per row at each picking favored 
single-stalk culture in all but 4 instances, in one of which the yields 
were identical. In total yield, single-stalk culture led in four of the 
six rows. The total yield at each picking favored single-stalk culture 
by 10 and 6 per cent, respectively, the total increase for both pick- 
ings being 9 per cent. This difference is considerably less than was 
forecast by boll counts made on August 14, when it was found that 
single-stalk rows had from 40 to 50 per cent more bolls than old- 
method rows. The chief reason for this discrepancy between the 
boll counts and the yields reported may lie in the probability that 
more bolls opened earlier on the single-stalk rows than on the old- 
method rows and more of the cotton on the former was lost before 
picking time. This explanation appears the more credible if we 
take into account the fact that varieties of the type used in this ex- 
periment are lacking in stormproof qualities. 
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The Webb experiment.—Mr. R. C. Webb, of Delta Point, planted 
Money Maker cotton on sandy soil on April 20 at the rate of three pecks 
per acre. The stand secured was poor generally, there being also a 
number of skips in each row. Owing to nonuniformity in germina- 
tion, there were, moreover, plants of various sizes in the single-stalk 
rows at thinning time. The smaller plants were still too young to 
have had their vegetative branches completely suppressed, while the 
larger plants had reached the stage where their fruiting branches 
were being suppressed. Since it was necessary to leave plants of all 
sizes in the row in order to have the spacing as uniform as possible, 
some allowances should be made in ‘considering the results of the 
experiment. 

There were 30 rows in the experiment and the two systems of cul- 
ture were compared in alternate rows. The old-method rows were 
thinned on May 20, when the plants were 4 to 5 inches high and had 
3 to 4leaves. Thesingle-stalk rows were thinned on June 6, when the 
plants were 6 to 12 inches high and had 6 to 10 leaves. The plants 
in the old-method rows were spaced 18 to 24 inches apart, while the 
single-stalk plants were spaced at about 8 inches wherever the stand 
permitted such close spacing. 

Two pickings were made, the yields from each row for each picking 
being as shown in Table VI. 


Taste VI.—Row yields obtained in a single-stalk culture experiment with cotton con- 
ducted in 1915 on the farm of R. C. Webb, Delta Point, La. 


Yield of seed cotton (pounds). 


Row. First picking. Second picking. Total. 
Single Old Single Old Single Old 

stalk. | method.| «stalk. | method.| stalk. | method. 
UNO plese eel omic oc «ciel vo Scien tisiearnecine 13 13 32 24 45 37 
INO s Biase setae tos ceACOReS Bane Bao COR AEESE 9 18 25 18 34 36 
IN@sSicces odeShesec ogee Tee EE eC e ee aes 18 19 23 22 41 41 
IN@, Gl oac+ 6 See BAe AGES GSE Bee sASSeRa ae 9 13 23 21 32 34 
INI@y Betas ac SoS Re REC ORE OBOE e eee ene 13 14 32 20 45 34 
IN@s Gaads LSSUE SS LORS Se eee a ae 11 18 20 18 31 36 
INO¢ (ocas aS SEC OOOO ERE e eee et Eee ee TSE 14 18 16 16 30 34 
INOs Bsedo gees Oe MOORE CO ae eee ee ae 8 14 14 15 22 29 
INO Occoc nes S EEE Os EEO eee Cee eee ae 13 13 16 20 29 33 
IN@, ID sone bemeios beg osee tee aeeeeeeeEeee 13 18 16 15 29 33 
IN@, Wl. cos beep one eS Oee Ree ee eee See ee ae 14 14 17 14 31 28 
INI@, UPL code sdascebee SECO eee Se ae ae ae 14 13 15 12 29 25 
iOe US} ote acae SEER Ia Soe Eee: Annee 8 18 16 18 24 36 
INO; Wcoacé dase ebe ne cue saeco eee eae eee eaae 18 13 15 15 33 28 
IN@s 1Bs30 ab soe ee SO aeRO SEE Cee =mer eet ne 18 13 15 14 33 27 
Potala ees seek See seek ee el ee 193 229 295 262 488 491 

Wiherence ke teks sees eee ose eA eye eek 6 36 33) ees ceo eeercteme 
INMCTCASOS= 2 st Sel ssease 8 pELicentea|Pasceeee-- 19 15; | 22)-e eee osle eee sec acs 0.6 


Table VI shows a difference of 19 per cent in favor of the old system 
of culture at the first picking. The lower yield of the single-stalk 
rows at this picking doubtless resulted, as already explained, 
from the fact that the thinning was done too late in the case of some 
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plants and too early in the case of others in the same row. However, 
as often happens in such cases, the difference was practically offset by 
the yields of the second picking, which favored single-stalk culture by 
15 per cent. There was practically no real difference in total yield, 
though the old system had a very slight advantage. This was con- 
trary to what was to be expected, in spite of the poor stand, as counts 
of immature bolls made on August 14 indicated an increase for ELE 
stalk culture of 15 to 20 per cent. 


BOSSIER PARISH. 


Two experiments were conducted in Bossier Parish, both in the 
immediate vicinity of Benton. One of these was on the farm of Mr. 
E. S. Burt, parish agent, and was conducted by Essie Jackson, a 
tenant; the other was on the farm of Mr. W. B. Wilbourn. 

The Jackson expervment.—Cotton of the Brown variety was planted 
April 7 on low beds 4 feet apart. The soil, a sandy loam, was in good 
condition and a full stand was obtained. Wet weather prevailed 
during April, followed by dry weather during May, this being unfa- 
vorable to good growth. 

The old-method rows were thinned on May 17, the plants, which 
were 3 to 4 inches high with 4 to 5 leaves, being spaced 18 to 24 
inches apart. The single-stalk rows were not thinned until June 9, 
when the plants, being 10 to 14 inches high with 6 to 10 leaves, were 
spaced about 8 inches apart. 

There were 26 rows in the experiment, and the two systems of culture 
were compared in alternate rows. Two pickings were made. The 
yields of each row for each picking and the total yields are reported 
in Table VII. 


TasLe VII.—Row yields obtained in a single-stalk culture experiment with cotton 
conducted in 1915 by Essie Jackson on the farm of E. S. Burt, Benton, La. 


Yield of seed cotton (pounds). 
Bow First picking. Second picking. Total. 
Single Old Single Old Single Old 
stalk. | method.| stalk. | method.) stalk. | method. 
LT SES ee es Se a Y - e 26 30 15 10 41 40 
EES Se ree) eee, ~ Packs 30 28 15 10 45 38 
NON eee Sane ee nee tones. eee 26 28 15 15 41 43 
1 Ut et Se Os ee or en Mae eee oir 26 26 15 20 41 46 
Ge. Sone ahs ek oor eee a: Meme a aa 25 25 20 15 45 40 
NON Gee ob ee sh aoe aoe eee oe 28 28 15 15 43 43 
ING: ds. cose see see bos oe oe hee ee = 28 28 15 10 43 38 
Lf ee Se Te oes ee eee, - - ae 23 24 15 15 39 
OOS core noo ae ean ee en ee a 28 28 20 10 48 38 
Yih g 11) Soe Ee - . eee ees _ ene 23 23 15 10 38 33 
ay TE Ue yd ee ae eae Oe ee Merete ie «|e ee 28 28 15 10 43 38 
LMT TOAD Se Se Ss age eee” iene 18 10 10 33 28 
Cee Bie See A ee he Pee aes 22 24 10 10 32 34 
PROMS Sesto eee te cee eee 336 338 195 160 531 498 
WIICTONCG S200 es oh oboe ull = gee het aid ee ieee SB | a: -aintalctael es aa Pierre ones 


nierease ioc eo sk ee oe per cents /|oJs5. oe 0.6 | 22;| = + Ape iN Wise oes. 
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Table VII shows a slight increase in the total yield from the first 
picking in favor of the old method, though in only 4 of the 13 in- 
stances did old-method rows yield more than single-stalk rows. 
In 7 in&tances the yields were identical. It is believed that the 
reason for this difference in yield at the first picking may be found 
in the fact that the single-stalk rows were thinned much later than 
was advisable, some suppression of the lower fruiting branches 
already having taken place. By the time the second picking was 
made this handicap had been overcome and the single-stalk rows 
yielded 22 per cent more cotton than the others, making a total 
increase in yield of 7 per cent. 

An interesting point in regard to the value of single-stalk culture 
under sanditzore conducive to unusually rank growth was observed | 
in connection with this experiment. A hogpen once stood near one 
end of several of these rows and the soil here was much richer than 
elsewhere in this field. The cotton plants grew to heights of 5 to 7 
feet and put on a dense foliage. The plants in the early-thinned 
wide-spaced rows threw out long vegetative branches, and when 
nearing maturity these settled to the ground, in many cases breaking 
away from the main stalk and in all cases obstructing the space 
between the rows. It was difficult also to pick cotton from these 
plants, and owing to its being allowed to touch the ground much of 
the cotton was spoiled. The single-stalk plants, on the other hand, 
stood erect, their fruit well off the ground and easily accessible. 
Moreover, the space between these rows was left open enough to 
allow cultivation. 

The Wilbourn experiment.—Cotton of the Brown variety was planted 
on April 7 in low beds in rows about 4 feet apart, and a fairly good 
stand was secured. Wet weather prevailed during the remainder 
of April, followed by drought during May, which was not favorable to 
good growth. 

The thinning of the old-method rows was done on May 17, when 
the plants were 3 to 4 inches high, with 2 to 4 leaves, while the sin- 
gle-stalk rows were not thinned until June 9, when the plants were 
about 8 inches high and had 6 to 8 leaves. The plants in the old- 
method rows were spaced 18 inches apart and those in the single- 
stalk rows 6 to 8 inches. 

There were 40 rows in the experiment and the two systems of 
culture were compared in alternate rows. Only one picking was 
made. The yields obtained from each row are reported in Table 
VIIl. 

Table VIII shows that in no instance did single-stalk culture 
yield more than the old method with which it was compared, the 
total increase for the old method being 17 per cent. This is abso- 
lutely the reverse of what was indicated on August 16 by boll counts 
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made by Mr. E. S. Burt, agent for Bossier Parish; Mr. A. J. Scott, 
agent for Caddo Parish; and the writer. Then there were 40 to 50 
per cent more bolls on the single-stalk rows and it was confidently 
expected by all present that the yields would vary in about the same 
proportion, favoring single-stalk culture. It is believed that much of 
the cotton on the single-stalk rows had fallen from the bolls before 
picking time, for the crop was not picked until October 26, which 
was unusually late. 


TaBLe VIII.—Row yields obtained in a single-stalk culture experiment with cotton 
conducted in 1915 on the farm of W. B. Wilbourn, Benton, La. 


Yield of seed cotton Yield of seed cotton 
(pounds). (pounds). 
Row Row 

Single Old Single Old 

stalk. method. stalk. | method. 
INIONIS S Sarees eR SS a 35 45 WENOA18%: 2922-53...) See 35 35 
IMDS Tish. eae Sea See a 35 45, ENO! D4 sey: 2 5a ae a 35 40 
INO pone ee ee es Fea se 2 os BE 50 45: |IMNOS1bEs |e). SE ee ee 30 40 
IN OSA seep or se RE Aen been 35 40: ENO: 16522 S242 Sao eee 35 35 
INOND PEO wes sees s. eee ave 35 45 |IWNO: 17 323553: 2 eee eee 30 40 
IRIE (Th ee Meet re Bek 40 45° || |SN0: 18 3.3558). es eee 25 30 
INO eae ia 3s. ee te 30 45' || ENios19 22/5.) SA een Se 30 40 
INGNS Betis Spee Ns nie nee eae 30 35: ISNO220 ces ceo ae eee eee 25 25 
Norge eee. 2 Ree a ett ae 30 40 
IN ONE Ose tne en eee Mie 30 35 Totals: <2. 2. ne Cae ne 645 780 
INO SRURe he reer! 0 pat Te ae 35 40 Difference. 25.1) - eee eee 135 
IN OMB a eo ae Sao e ee eee eee 35 35 Increase... ... pericent<4| fee 7 


CADDO PARISH. 


Two experiments were conducted in Caddo Parish, one on the 
farm of Mr, C. C. Herndon, near Shreveport, and the other on the 
farm of Mr. William Mercer, at Gilliam, about 20 miles northwest 
from Shreveport. 

) While early seasonal conditions in this part of the State were 
| more favorable to the normal growth of the crop than in most other 
sections, they were not ideal, im that some drought obtained during 
April and May. 

The Herndon experiment.—This experiment was the only one of 
the series in which single-stalk culture was compared with the usual 
method on an acre basis. The single-stalk acre was located in a 
rather low corner of a field of several acres, and it maintained only 
a fair stand. Moreover, there were several skips in each row. The 
field was planted rather late in April, and dry weather prevented uni- 
form germination. 

There was a difference of only nine days in the time of thinning 
the two plats in this experiment. The old-method rows were thinned 
on June 4, when the plants were 3 to 4 inches high and had 2 to 4 
leaves, while the single-stalk rows were thinned on June 13, when 
the plants were 6 to 8 inches high and had 5 to 8 leaves. The 
plants in the former rows were spaced 18 to 24 inches apart and those , 
in the latter 6 to 8 inches. 
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The yields reported in Table IX are for the first picking from 10 
representative rows in the single-stalk acre and 10 in an adjoining 
acre. No complete report on the second picking is available. 


Taste 1X.—Row yields of first picking obtained in a single-stalk culture experiment 
with cotton conducted in 1915 on the farm of C. C. Herndon, Shreveport, La. 


Yield of seed cotton Yield of seed cotton 
(pounds). (pounds). 
Row. Row. 

Single Old Single Old 

stalk. | method. stalk. | method. 
INO) hs eA ee en 13 Ue INO N See Sacra see eee 13 it 
IN@) Bs bees Sa eee il LOM AN OBO ao oso eet eee 14 12 
INO, Bosse xseee eee ae 12 LDA WINO seh Os aa acjestes semcctse seer 13 14 
INO> Coe nébaddeeneen eee eee 10 11 
INO. Boss cos Gee ee 12 12 Total yau eae ae sarpan ye 123 112 
INIOs Osecs da cose ee nea cee eaaeee 12 10 Difference............-.- UNDE | pee: Ne epee 
INI@S Ucedocs cose ede ee aeEeeeeee 13 9 Tncrease....-- per cent... oa eke sel see 


Table IX shows that in 6 out of 10 instances greater yields were 
obtained from single-stalk rows. In two instances the yields were 
identical, while in two other instances the old-method yield exceeded 
the single-stalk yield by 1 pound per row. The total yield of the 10 
rows favored single-stalk culture by 9.8 per cent. 

The Mercer experiment.—While Mr. William Mercer, of Gilliam, 
cooperated in this work on the same basis as other farmers, he was 
left much alone in the conduct of his experiment. It was imprac- 
ticable to visit his ‘field at thinning time, and consequently he 
thinned his cotton according to his interpretation of the general 
instructions offered. At all times, however, he cooperated with 
Mr. A. J. Scott, county agent. No report of how he planted his 
cotton or the time and method of thinning is available. The only 
data available are given in Table X, 


TaBLe X.—Row yields obtained in a single-stalk culture experiment with cotton con 
ducted in 1915 on the farm of William Mercer, Gilliam, La, 


Yield of seed cotton (pounds), 


HO? First picking. Second picking. Total. 

Single Old Single Old Single Old 
stalk. | method.| stalk. | method.| stalk. | method. 
INIGb dhs 6 ga Soo a aE ee Aes e eee einem 12 9 2 22 14 31 
INO; Ms Sa pGuC Es Bae Gene ae Ae eee eer a 10 10 22 22 32 32 
INOS Bc Coo SH OAR EGA MD ee aoe eee eer ine 9 10 12 2 21 12 
IN OMA erates ae ee etnias eke cninc sos cis auene 9 10 12 22 21 32 
INO» Gace g SOR EE ace es See Nt Ih ae ee ear 10 10 2 22 12 32 
INO; Ogee o Bed SAS OE BEDE Eee Sate ean See 10 9 22 2 32 11 
INOS ae eee see et 22 eed 10 10 22 2 32 12 
NO» Bs Ss Ghats SOE SEE Se ee eee eee 10 9 2 2 12 11 
INORORERS CER SAS teed SES a eS 9 10 2 22 11 32 
INS NOSE Saas oeees ASH OS CUS EEE ee eee ee 10 9 2 2 12 11 
Total SPO SOU OHO BOR RRS GE CEES 99 96 100 120 199 216 
Ditrerence. sre sh 8 Ui Leon Oe) Coy eeSecsed aSEeeeeece 208 eee eee 17 
IMCKEASO =o )=-- 0 54-- <lecisne per cent. . Be Riess Sees al ree ee 90))\|saoboauese 8 


Sa 
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Table X shows a wide variation in yields from the two systems of 
culture. In the yields from the first picking, single-stalk culture led 
in 4 of the 10 instances. In 3 instances the yields were identical and 
in 3 other instances greater yields were obtained from the old-method 
rows. The total yield from the first picking was slightly (8 per cent) 
in favor of single-stalk culture. 

In the yields from the second picking, single-stalk culture led in 
only 3 of the 10 instances, while the old method led in 4. In 3 in- 
stances the yields were identical. It is remarkable that the yields 
throughout differed in about the same proportion. The total yield 
of the second picking, however, favored the old method of culture 
by 20 per cent, making an increase of 8 per cent in total yield for this 


method. 
ARKANSAS. 


Owing to the damage done by early spring floods, most of the experi- 
ments begun in Arkansas were abandoned. The only ones which 
promised any dependable results were located in Miller County, in 
the vicinity of Texarkana, and at Warren, in Bradley County. The 
latter experiment, however, was located in a pecan grove and the 
trees apparently so reduced the supply of moisture in the soil that 
when the drought of August was encountered the cotton plants were 
compelled to shed a large proportion of their squares. This damage, 
combined with apparent weevil damage, made the test practically 


without value. 
MILLER COUNTY. 


The experiments in Miller County were conducted by Messrs. D. R. 
Akin, J. E. Tanner, and W. B. Latta, the first named being located 
about 10 miles south of Texarkana, at Fouke, and the others being 
located in the immediate vicinity of Texarkana. Mr. R. M. Meade, 
of the Bureau of Plant Industry, visited these experimenters early in 
June and directed the thinning of the single-stalk rows. 

The Akin experiment.—Mr. D. R. Akin, of Fouke, planted Lone Star 
cotton on May 20, about 15 days later than usual. Unfortunately, 
only a small amount (12 pounds per acre) of seed was planted, and 
a relatively poor stand resulted. Wet weather occurred immediately 
after planting, and this was followed by drought, which caused the 
surface soil to bake. At the time of thinning the single-stalk rows 
it was observed that the plants were not standing thick enough to 
insure complete suppression of the vegetative branches, but enough 
had been suppressed to make the test worth carrying out. 

There were 28 rows in the experiment, 8 in which the two systems 
of culture were compared in alternate rows and 20 in which com- 
parisons were made in alternate blocks of 5 rows each. The plants 
in the old-method rows were spaced about 18 inches apart and those 
in the single-stalk rows about 8 inches, wherever the stand per- 
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mitted. The exact dates of thinning were not reported, but it is 
known that the single-stalk rows were thinned later than the others. 

In reporting the yields obtained, Mr. Akin stated: 

The experiment has not been at all satisfactory to me, owing to several causes: (1) 
I did not plant enough seed to crowd the cotton sufficiently at the start; (2) the cotton 
being late, the continuous rains in August caused an enormous amount of blooms to 
sour and fall off; (3) the boll weevil and bollworms finished what the rain left. 
However, I thought you might be able to get some data from the report. You will 
see I had only one picking, no middle or top crop at all. 


Mr. Akin stated further that rows 21 to 28, inclusive, were on 
much richer soil than the others, and he felt that for this reason 
they were not comparable. _ The yields from the remaining 18 rows 
are reported in Table XI. The first four rows were in the alternate- 
row test; the remaining five were in a 5-row block of adjoining rows. 


TABLE XI.—Row yields obtained in a single-stalk culture experiment with cotton con- 
ducted in 1915 by D. R. Akin, Fouke, Ark. 


Yield of seed cotton Yield of seed cotton 
(pounds). (pounds). 
Row. Row. 
Single Old Single Old 
stalk. method. stalk. | method. 
Alternate rows: 5-row block—Continued. 
One cree nce eee etnes 13 i) INOS as aa ece eRe ones 15 10 
INR 2 Bieirs canis etek ea sec 13 10 INOS eS oe Sac nee se eee 11 11 
INOUS Moemciicss see oee wees 13 9 NON Osama eee ee iclasees 11 10 
Oa ee ee SB iciarcty aieimraieieieva 14 10 
5-row block: Motalece soaker sores 115 90 
On Oeremeseci se seen eicce 14 9 Difference.............. QB) ab eo bese 
ENO Gece seieeieiecieiecicisiciesios= 11 12 Increase ...... per cent.. QBN Gade tsissiners 


Table XI shows that in every instance the alternate-row yields 
favored single-stalk culture, and in every instance but one the block- 
test yields favored this system. The total increase for single-stalk 
culture was 28 per cent. 

The Tanner experiment.—Mr. J. E. Tanner, R. F. D. No. 7, Texar- 
kana, planted 60 pounds of Triumph seed per acre on April 18, 
which was unusually early. The high rate of planting resulted in 
a good stand, but unsettled weather, accompanied by sudden changes 
of temperature, caused a very noticeable amount of leaf-cut.! 

Although somewhat later than desirable, it was possible to thin 
the single-stalk rows in a fairly satisfactory manner; but the yields 
from thése could not be expected to vary much from those of the 
- old-method rows, because the latter were thinned unusually late, 
accomplishing some suppression of vegetative branches, and the 
plants were left about as near together as those in the single-stalk 
rows. 


1See Cook, O. F. Leaf-cut, or tomosis, a disorder of cotton seedlings. In U.S. Dept. Agr., Bur. Plant 
Indus. Cir. 120, p. 29-34, 1 fig. 1913. 
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The early thinning was done on May 10 and the later thinning on 
June 5. When thinned, the plants in the old-method rows were 4 
to 6 inches high and had 4 to 6 leaves, while those in the single- 
stalk rows were 8 to 10 inches high and had 6 to 8 leaves. The old- 
method plants were spaced 8 to 12 inches apart and the single-stalk 
plants 6 to 8 inches apart. 

There were 20 rows in the experiment, 10 in which the systems 
of culture were compared in alternate rows, and 10 in which com- 
parison was made in 5-row blocks of adjoining rows. The yields 
from each of the two pickings made are reported in Table XII. 


TABLE XII. —Row yields obtained in a single-stalk culture experiment with cotton con- 
ducted in 1915 by J. E. Tanner, Texarkana, Ark. 


Yield of seed cotton (pounds). 


Row First picking. Second picking. Total. 
Single Old Single Old Single Old 
stalk. | method.| stalk. | method.| stalk. | method. 
elvenate rows: 
IN GPa, Pesos coitce eiciseee ieee eae 8 8 3 4 11 12 
ING USS SeRSaaAae Conc SASererecesoasees 8 6 4 5 12 11 
IN OFS sob aise sae ciaceamseaaceaeseeiciorents 7 8 4 3 il ll 
No. 5 Ree ects ne ose osmasor gases 7 8 3 3 10 11 
INORD i sie cccs dacs nacceicceeeee ads etae ome a 8 4 2 11 10 
5-row Biocks: : : 
INO: Gredochiccleseclactasanascdekeasieces 8 9 4 3 12 12 
IDSC RE Salt: Dosanageses sauawasee 8 9 4 2 12 ll 
IN OF See Sa iee s Matecele fais ci rc avera sie wateeiseeiee 9 9 5 3 14 12 
NOs 9 UAE sce cwossdaderdongadnedasee 8 9 3 3 ll 12 
INO} 108s 2 Ghieie fans aoa aans teen 9 8 5 3 14 ll 
Pobalin-/s seasons hes an saan ser Meee 79 82 39 31 118 113 
DTTTENON CGNs arom crcteictalere oie nce = moceineeis| Sebi cisc.cee 3 i Semesaacee ii lGoobeeacse 
ACTEAS Obese eee ceca DenCeM bes |ert mettle 4 P.O Segaacadne (Hl aboopasds 


Table XII shows an increase of 4 per cent in the total yield from 
the first picking for the old method, doubtless because of the lateness 
of thinning of the single-stalk rows. But as often happens in such 
cases there was a greater difference, 26 per cent, in favor of single- 
stalk culture for the second picking, making the total yield 4 per cent 
greater for this system. 

The Latta expervment—Mr. W. B. Latta, of Texarkana, used 
Mebane cotton in two experiments on his farm. One of these was 
planted on April 25 and the other on May 10. He used about 30 
pounds of seed per acre and a good stand was secured on both fields. 
The thinning of the old-method rows was done at the usual time, 
May 10 and May 25, respectively, the plants being spaced 12 to 15 
inches apart. The single-stalk rows were thinned when the plants 
were 10 inches high and had 7 or 8 leaves. They were spaced about 
6 inches apart. 

When inspected late in August, these experiments promised to be 
very favorable to single-stalk culture, as about 25 per cent more bolls 
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were found on theserows thanontheold-methodrows. Unfortunately, 
however, Mr. Latta failed to report the yields in detail, merely stating 
that, in the total yield of two pickings, single-stalk culture exceeded 
the old-system by an average of 14 pounds per row, or 11 per cent. 


North CAROLINA. 


Nine experiments were conducted in North Carolina. These were 
divided among four counties, namely, Edgecombe, Duplin, Sampson, 
and Craven. While it was possible in all cases to plant cotton at 
about the usual time, the weather immediately following was unfavor- 
able to normal growth, being wet and cold. Consequently some poor 
stands were obtained, and in certain instances considerable difficulty 
was encountered in getting the single-stalk rows thinned in proper 
time. 

EDGECOMBE COUNTY. 

There were three experiments in Edgecombe County, one each at 
Whitakers, Battleboro, and Conetoe, all being located on soil classed 
as Norfolk sandy loam. The cotton was grown in rows 3 to 4 feet 
apart, planted flat; that is, not in beds.. A rather heavy rate of 
seeding was used in all cases and good stands were secured. It was 
impossiblefor the writer or any of his associates to inspect these exper- 
iments in time to direct the thinning of thesingle-stalk rows, so Mr. 
Zeno Moore, county agent, directed it on the basis of his understand- 
ing of the new system. 

The Benson experiment.—Mr. W. K. Benson, of Battleboro, planted 
Ricks, a short-limbed variety of cotton, on April 22, using one bushel 
of seed per acre, and a good stand was obtained. The old-method 
rows were thinned on May 22, the plants being 2 to 3 inches high and 
having 2 to 4 leaves. The single-stalk rows were thinned on June 
24, when the plants were 8 to 10 inches high and had 10 to 12 leaves. 
The plants in the old-method rows were spaced about 14 inches 
apart, while those in the single-stalk rows were spaced 6 to 8 inches 
apart. 

In submitting the above data, Mr. Moore reported that the rows 
were not thinned with “perfect regularity.’”’ When visited by the 
writer in August, it appeared that the plants in the single-stalk rows 
were left too thick, there being, in the majority of cases, 2 to 3 plants 
in a hill. The suppression of vegetative branches had been accom- 
plished and probably to some extent that of the fruiting branches as 
well. This may account for the greater yield obtained on the old- 
system rows at the first picking, as shown in Table XIII. 

Table XIII shows that a greater yield, of 22 per cent, was obtained 
from the old-system rows at the-first picking, but a greater yield, of 
353 per cent, was obtained from the single-stalk rows at the second 
picking, making the total yield favor single-stalk culture by 20 per 
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cent. The greater yield of the old-method rows at the first picking 
is in itself an evidence of the fact that the thinning of the single-stalk 
rows was too late to give the best results, but, as not infrequently 
happens, the loss was more than made good by the increased yield of 
the single-stalk rows at the second picking. 


TaBLeE XIII.—Row yields obtained in a single-stalk culture experiment with cotton 
conducted in 1915 by W. K. Benson, Battleboro, N. C. 


Yield of seed cotton (pounds). 


Row First picking. Second picking. Total. 

Single Old Single Old Single | Old 
stalk. | method.| stalk. | method.} stalk. | method. 
IN eM ste te SS Ie lg Seek Re ee 51 49 35 24 86 73 
IN este ec Secrets ey par ee arene 51 65 34 14 85 79 
TN COR ee Re pt ES Se Cate ee oP 58 62 38 9 96 71 
BNO ee ia Setce ee Sak Ly on ee ete 53 71 43 8 96 79 
INOS oe es i a tapi ed ie a 53 63 40 if] 93 74 
NOG Santee 2 SERRE ee aE ES a ee 58 72 37 7 95 79 
NO aac tia AS ese eh es ae OE Ss ee 64 80 35 5 99 85 
ING Sete FS SEERA or ae Peet eee 72 32M eo sene tee 92 72 
IN FTO Se ae eee nT A Seas Ne He He SMT 2 59 78 By aes 91 78 
INOS IONS a eee ee Sa eee ee 57 74 71 el BREESE 84 74 
Potala He ee see ees eae AM ees) 564 686 353 78 917 764 
IDITOTEN COM 2 oe ALY skis edt Re Sh a 122 PEt eee 5S ol aseictele sree 
CEGASO Se rearem naeces sete percent. .}..---..... 22 BHS}i Besecusene hor 22). easeoncbe 


The Draughon experiment.—Mr. L. L. Draughon, of Whitakers, used 
Cleveland Big Boll cotton in his experiment, there being 28 rows in 
all. The two systems of culture were compared in alternate rows. 
Thinning was completed in a fairly satisfactory manner, though a 
little later than was advisable for single-stalk culture. 

Mr. Draughon reports that it was impossible to get pickers in time 
for the first picking and consequently the cotton remained unpicked 
until late in November. Undoubtedly much cotton was lost mean- 
time, particularly from the single-stalk rows. Only total yields were 
reported, and these were 1,074 pounds for single-stalk culture and 
1,004 for the old method, a difference of 70 pounds, or 7 per cent, 
in favor of single-stalk culture. 

The Felton experiment.—Mr. W. R. Felton, of Conetoe, chopped the 
single-stalk rows of his experiment in such a manner as to leave the 
plants standing in bunches, which, however, probably suppressed the 
development of vegetative branches in much the same manner as 
single-stalk culture. He reported the yields which are given in Table 
XIV. Only one picking was made, on November 2, probably after 
some cotton had fallen from the bolls. 

Table XIV shows that in all but 4 of the 14 instances, single-stalk 
rows yielded more cotton than old-system rows, giving an 8 per cent 
increase for the new method. In reporting the above yields Mr. 
Felton stated: ‘‘I am satisfied that the thick rows would have made 
a better showing had they been properly thinned.” 
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Taste XIV.—Row yields of the first picking obtained in a single-stalk culture experi- 
ment with cotton conducted in 1915 by W. R. Felton, Conetoe, N. C. 


————— 


Yield of seed cotton Yield of seed cotton 
(pounds). (pounds). 
Row. Row 

Single Old Single Old 

stalk. method. stalk. | method. 
INOW 1 3 35 ease See cee eee soee 52 300 MNOLO Seana: Pecsesemeecconcece 42 38 
INOS Phos AO REG OCR eee oer 40 S08 NOt. sear maeenecae ae 44 42 
INO, 3 chaste nee tenes aeEpccees 40 ABT IN OSL he acs 92 cleo sees seca 42 38 
IND AP Reet eme eit ek ses shes 44 AAs WIN Os Mla ascaee cr mets ne ees aaa 38 32 
ING: Book See ee eeen ae 44 AO INGOs. Coes Jara ieee noetee 40 46 
ING); Bl aGunbe se se Sn npeeEasesore 42 36 
NICS 75856 Se eee Smee 38 40 Motaltesee eee aoe 582 540 
NIG: Gc 5. 0 4eee ee eee 38 36 Difference....--.-..-.--- ADEN at ys ae 
INDY C142 Oe eel ae eee eee 38 36 Increase... -..-- per cent. . ance yeanee 


SAMPSON COUNTY. 


Three experiments were conducted in Sampson County, all in the 
immediate vicinity of Ingold, onsandy-loam soil. ‘The writer directed 
the thinning of the single-stalk rows in the latter part of June, when 
it was found that had thinning been done a week or 10 days earlier 
it would have been far more favorable. Still, fairly satisfactory 
comparisons of the new with the old system of culture were possible. 

The Sloan expervment.—Mr. H. D. Sloan planted Prolific cotton, 

of the King type, on April 20, and a good stand was secured in spite 
of unfavorable weather. The old-method rows were thinned on May 
25 and the single-stalk rows not until June 28. The plants in the 
former rows were 3 to 4 inches high with 3 to 5 leaves, and they were 
spaced 18 inches apart. In the latter rows the plants were 8 to 10 
inches high with 6 to 10 leaves, and they were spaced 6 to 8 inches 
apart. 
There were 30 rows in the experiment, 20 in which the systems of 
culture were compared in alternate rows and 10 in which com- 
parison was made in adjoining blocks of 5 rows each. Only one 
picking was made. The yields reported by Mr. Sloan are given in 
Table XV. 


TasLe XV.—Row yields of the first picking obtained in a single-stalk culture experi- 
ment with cotton conducted in 1915 by H. D. Sloan, Ingold, N. C. 


Yield of seed cotton Yield of seed cotton 
(pounds). (pounds), 
Row. Row 
Single Old Single Old 
stalk. method. stalk. | method. 
Alternate rows: Adjoining blocks: 

Oo) ae ee ee ae eee 46 41 IN(O Gia Daas Se eeu ae eee 48 37 
INO; Sse Gee aoe Sree 44 38 IN) at Gee we Seas See sa Soe 49 41 
INI CING IE sea ety a ek ae 44 36 INR Se eee eee Een. 48 39 
INO 4S eee aes 45 42 INI Spa lS SS ier ee ees ears 46 37 
INOS Bacedseanseoneesaesees 47 38 INOS eaten eee 47 38 
INORG He esate en 46 36 eee ete 
INOS 215 BEDS BEES eee ae See 48 39 Motalinere: fhe Bier eet 699 582 
INON Siena Saar eer ene as 47 42 Difference sere eee ee Uhl eee ae 
INGE OE ere eee ee eye 48 38 Increase. .....per cent. - 200 se ea 
INORNLO Serer ene a atcleiaichets 46 40 
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Table XV shows that in each of the 15 imstances single-stalk 
culture gave a greater yield than the old system, the total increase 
bemg 117 pounds, or 20 per cent. 

The Wright experiment.—Mr. W. I. Wright planted one-half bushel 
of Simpkins cotton per acre on April 20. Owing to unfavorable 
weather, only a poor stand was obtained, and later the stand was 
further reduced by aphids, causing much leaf-curl. There were several 
short reaches in each row, however, where it was possible to apply 
single-stalk culture. It was believed that these places would affect 
the total yield of the rows to a degree which would indicate what 
might have been expected had it been possible to apply the method 
the full length of the rows. 

The old-method rows were thinned on May 25, when the plants were 
3 to 5 inches high and had 3 to 5 leaves. It was possible to space the 
plants in these rows about 18 inches apart with fair regularity. In 
the single-stalk rows, which were thinned on June 25, when the plants 
were about 10 inches high and had 6 to 8 leaves, the plants were 
spaced about 8 inches apart wherever the stand permitted. 

There were 16 rows in the experiment, each 408 yards long. In 10 
of these, comparisons were made in alternate rows; in the 6 remain- 
ing rows the comparison was made in adjoining blocks of 3 rows each. 
Two pickings were made. The yields obtained, as reported by Mr. 
Wright, are given in Table XVI. 


TasLeE XVI.—Row yields obtained in a single-stalk culture experiment with cotton con- 
ducted in 1915 by W. I. Wright, Ingold, N. C. 


Yield of seed cotton (pounds). 
Ron First picking. Second picking. | : Total. 
Single Old Single Old Single Old 
stalk. | method.| stalk. | method.| stalk. | method. 
Alternate rows: 
(055 Be OE Serene ear nerenatariale hans a7 211 194 39 37 250 231 
ING Ze etta arenes caries Rec See eaten 177 158 43 44 220 202 
NOE Grote) Bob cats: copaneeeee srapee sag 177 153 45 51 222 204 
INDMA poe eeiereita wat cleck setter meaaeeee 154 146 48 50 202 196 
IOs ree Saashe oases et Ni as ae a 179 137 43 32 222 169 
Adjoining blocks: 
iC); (Ae eee Sees = Siawinie cise mele 209 187 34 37 243 224 
DTS (LCE 2655 BOOB ROE RBOBEEr OES - Sesme 193 184 37 41 230 225 
Lh tou ceri ceOO OUD DOD aUeeeush . anes 197 188 35 33 232 221 
“LNG lye ee, am Pe ate 1,497 1,347 324 325 1,821 1,672 
DY MTOVENICE. bs tine iiesie vc ccs See SAE LO) || S86 Fossaee| leniabieodo. ic 1 WAG) sje atatejsss's! 
RCT EASG hw ive este crwreiwielne _--per cent. . ib Se ee ees eee mete 0.3 4) |lS-napnsosg 


Table XVI shows that in each of the eight instances single-stalk 
culture yielded more cotton at the first picking, the total difference 
being 150 pounds, or 11 per cent. At the second picking the old 
method had a very slight, quite negligible, advantage. In total 
yield the single-stalk rows had an advantage of 9 per cent. The 
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increase in yield probably would have been greater had the stanp 
been such as to allow the application of single-stalk culture through- 
- out the entire length of the rows. 

The Green experiment.—Mr. L. F. Green obtained a very poor stand 
in his field of Cleveland Big Boll cotton and it was possible to apply 
single-stalk culture to only a few places in each of the rows reserved 
for this method. Owing to the fact that the land had been heavily 
fertilized the plants grew very rank, and when the parts of the rows 
to which single-stalk culture was applied were thinned the plants had 
attained a point in their development a little beyond that at which 
they might have been thinned to the best advantage. The data per- 
taining to the time of thinning, the condition of the plants at thin- 
ning time, and the spacing are the same as those reported for Mr. 
Wright’s experiment except that the plants were a little taller and 
had 2 or 3 more leaves. 

The yields from the only picking made, as reported by Mr. Green, 
are given in Table XVII. 


TABLE XVII. —Row yields obtained in a single-stalk culture experiment with cotton con- 
ducted in 1915 by L. F. Green, Ingold, N. C. 


Yield of seed cotton Yield of seed cotton 
pounds). pounds). 
Row. Row 

Single Old Single Old 

stalk. method. stalk. | method. 
IN@. lescctadeee Ses Ose eee een 80 Gs| | INOS; Oi rayseiss aoa ee eee ose 75 65 
IN ON eee eee snoes 80 SON ANOZ OM ease Bea ceatelee nase 75 65 
INGE Se s aton cL egETse ee Beenesee 75 68a wINOMiliy See Ss Ae eee eae 77 60 
INGE CES Boe eoeas Sone eee ere 76 78 
INQ, Q5d geese ERGs APs Se aEe En 82 75 TObAIEE < See cee eee 850 782 
INORG Raye ere ole jar ess 83 80 Witkerenceseee- eee eeeee 684s SS 
INGOs Usecoleeacde te eas ae 70 75 Increase... -- - per cent. - Ot ese eeece 
NIGH CELE Secocee saaeaeeoLee nes dh 65 


Table XVII shows a total increase for single-stalk culture of 9 per 
cent, which probably would have been greater had the stand been 
such as to permit the application of single-stalk culture to the entire 
length instead of to only a few parts of each row. 


DUPLIN COUNTY. 


The Sanderson experiment.—The experiment conducted by Mr. 
L. M. Sanderson, at Warsaw, was the only one in Duplin County. 
He planted Cleveland Big Boll cotton on April 25 at the rate of 3 
pecks per acre, and a fair stand was obtained in spite of unfavorable 
weather. Mr. G.S. Meloy, of the Bureau of Plant Industry, directed 
the thinning of the single-stalk rows and reported that it was com- 
pleted in good time. The old-method rows were thinned on June 6, 
when the plants were 3 to 4 inches high and had 3 to 4 leaves. The 
single-stalk rows were thinned on June 17, when the plants were 8 
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to 10 inches high and had 6 to 7 leaves. The plants in the former 
rows were spaced 15 to 18 inches apart, those in the latter 4 to 6 
inches. 

There were 20 rows in the experiment, and the two systems of 
culture were compared in pairs of rows—that is, two single-stalk 
rows alternated with two old-system rows, making 5 pairs of rows 
for each system. Only one picking was made, and this was delayed 
until late in November, at which time, it was reported, all the bolls 
were open. Whether much cotton had fallen to the ground mean- 
time can not be stated; but it is safe to assume that some had fallen, 
especially from single-stalk rows, which probably were earlier than 
the others. The row yields, as reported by Mr. Sanderson, are given 
in Table XVIII. 


TaBLE XVIII.—Row yields obtained in a single-stalk culture experiment with cotton 
conducted in 1915 by L. M. Sanderson, Warsaw, N. C. 


Yield of seed cotton Yield of seed cotton 
(pounds). (pounds). 
Row. se Se Row. 

Single Old Single Old 

stalk. method. stalk. | method. 
No leeeteei is se ecthscoeecse-€ 91 840 /) INO: Sasi cates eee ace 95 74 
NOY 2 escscisnpacsscceeecccesnee 69 76); |i) INiO./925 .dae scemeeeeene Geese 89 
6 ee ae ee eS mer atmes 87 58") NO; LO! So saceeeaaer cee nee 51 72 
INO SAEs Socehtionon che cswoe meas 74 il 
INGSoo occ. ee atte Stee ace: 68 Totaloci-s2 Sibaeoe see 765 722 
S(T eee eee es Oa es chery Pe eee 68 52 Differencezseees-neeeeee 83) See 
1 (SSE a SueaeE SACO IMEC EES 73 66 Increase. . ..-- per cent. . (3): | bases eeeee 


Table XVIII shows that in 7 of the 10 instances single-stalk cul- 
ture yielded more than the old method, the differences varying from 
2 to 21 pounds per row. In the remaining three instances the old 
method gave greater yields, varying from 7 to 21 pounds per row. 
The total yield favored single-stalk culture by 43 pounds, or 6 per 


cent. 
CRAVEN COUNTY. 


Two experiments were conducted in Craven County—one by J. L. 
Roper, at Riverdale, and another by B. C. Peterson, at Vanceboro. 

The Roper experiment.—Mr. W. M. Laughinghouse, superintendent 
of the Rockwell Farm of J. L. Roper, at Riverdale, planted cotton on 
May 11 in rows 4 feet apart on flat land, using 1 bushel of seed per 
acre. A good stand was secured, but dry and cold weather during 
May and early June checked growth materially. No definite infor- 
mation concerning the dates of thinning and the condition of the 
plants when thinned is available, but the plants in the old-method 
rows were spaced at 20 inches in the row as compared with 2 to 6 in 
the single-stalk rows. The thinning was done by Mr. Laughinghouse 
as suggested by Mr. J. W. Sears, county agent. It was not practi- 
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cable for the writer or any of his associates to inspect this experi- 
ment at any time during the season. 

There were 18 rows in the experiment, and the two systems of 
culture were compared in alternate rows. Three pickings were made, 
and the row yields for each picking as reported by Mr. Laughinghouse 
are given in Table XIX. 

TaBLE XIX.—Row yields obtained in a single-stalk culture experiment with cotton 


conducted in 1915 by Supt. W. M. Laughinghouse on the Rockwell Farm of J. L. 
Roper at Rwerdale, N. C. 


Yield of seed cotton (pounds). 


Row First picking. Second picking. | Third picking. Total. 
Single Old Single Old Single Old Single Old 
stalk. | method.| stalk. |method.| stalk. |method.| stalk. |method. 
TRIG) Th ee 63 48 58 55 5 va 126 110 
NOs ALCS Se LOS eS Ree ae eae 66 45 53 41 4 3 123 89 
IN ONS Mera a ee stelle UE Ren aos 71 51 42 33 6 3 119 87 
INOW AR eee oe ca Foslalnn 82 71 43 24 6 2 131 97 
IN@s Benue s 4 Ae ear ee eee 73 68 47 25 7 3 127 
INOS Ga atee alsa Pee ae ee 74 60 43 32 6 5 123 97 
INO si /océbe he caeSe Sse epee eee 81 59 18 27 6 2 105 88 
INO SRE eee ce AeA Ed 59 58 31 21 4 6 94 85 
INO ROE Ee Nee ea 51 50 27 16 3 2 81 68 
Motalvees sae Ose AS 620 510 362 274 47 33 1,029 817 
Difference.......-.-...- 1) Coes ocade SSii ee Tee SSCS NOs deere 
Increase... - - per cent. . OPH eis ores Soh een AD \temeertiaya 26) |e keine 


Table XIX shows that single-stalk culture yielded more than the 
old method in every instance but three, namely, the second picking 
of row 7 and the third picking of rows 1 and 8. Single-stalk culture 
. yielded 110 pounds, or 22 per cent, more at the first picking; 88 
pounds, or 32 per cent, more at the second picking; and 14 pounds, 
or 42 per cent, more at the third picking, making a difference in total 
yield of 212 pounds, or 26 per cent. 

The Peterson expervment.—Mr. B. C. Peterson, of Vanceboro, 
planted King cotton on April 23. The soil used was sandy loam and 
the cotton was planted on low beds in rows 4 feet apart, about one- 
half bushel of seed per acre being the rate used. The seed germinated 
fairly well, but wet and cold weather following injured the stand, 
leaving several skips in each row. While these skips were not 
serious in the old-method rows, in the single-stalk rows they prevented 
a satisfactory test of this system. The fact that it was possible to 
apply single-stalk culture to parts of the rows, huwever, makes it 
possible to gain from the yields reported an idea of what might have 
been expected had it been possible to apply the system to the entire 
length of the rows. 

There were 20 rows in the experiment, and the two systems of 
culture were compared in alternate rows. The old-method rows 
were thinned on May 23, when the plants, which were 4 to 6 inches 
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high and had 4 to 6 leaves, were spaced 16 inches apart. The single- 
stalk rows were thinned on June 24, when the plants, 8 to 10 inches 
high with 10 to 12 leaves, were spaced 6 to 8 inches apart. 

Only one picking was made. The yield of each row as reported by 
Mr. Peterson is given in Table XX. 


TaBLe XX.—Row yields obtained in a single-stalk culture experiment with cotton 
conducted in 1915 by B. C. Peterson, Vanceboro, N. C. 


Yield of seed cotton Yield of seed cotton 
(pounds). (pounds). 
Row. EEE: Row. 

Single Old Single Old 

stalk. method. stalk. | method. 
50 bea apenas 5 rote ee eae cre 57 GER (MNOS: tiie eee ences 69 68 
IN Ome. Ss ate Sae = oe SS ae 62 Sha |BNOs19) cee: ob coe eee eee 76 70 
IN iDy Seek Bae ae aie ae Os © iS 60 SOR ENO SLO sat cece seasee eee aee 70 63 
IN ON A eer te aia. ona aen sch eeen 56 61 
INO Dseeu forsee seeewts seceeeet 69 62 Total ..2<seesscnsseeer 649 631 
IGG GI8 Sea cera eee ate 66 69 Difference..........--.- al es ey 
BN OSes eee cin a eee 64 59 Increase - . -..per cent... 3 ere aae 


Table XX shows that in 7 of the 10 instances single-stalk rows 
yielded more than the old-method rows. The difference in total 
yield, however, due largely to a poor stand, was only 18 pounds, 
or 3 per cent, in favor of single-stalk culture. : 


TABULAR SUMMARY. 


The yields of seed cotton obtained from the 21 experiments dis- 
cussed in the preceding pages are summarized in Table XXI. 
TaBLe XXI.—Summary of yields obtained in 21 single-stalk culture experiments with 
cotton conducted in 1915 in 9 parishes and counties in Louisiana, Arkansas, and North 
Carolina. 


Yield of seed cotton (pounds). 


Louisiana. Arkansas. North Carolina. 
Picking and method. : 
3/6 all stale I g : 
e/Hlelsl s [2] 2 (Sle slald]@ ldlale lalallala 
Oo 
\2\4\2| 3 |2\8 |E/S/s/gi218| 2 |S/8| 2 gle! Be 
“i ° rs (te v - a =I us) oI o 
Hiei ia| Ee ISIE lala lslelala) 6 lalal © lolal a ia 
First picking: 
Single stalk.......- 505 226/287 227) 193'336) 645'123| 99/115) 79]. . .|564'1, 074/582|/699|1, 497/850 765) 620/649 
Old method ee aor |380)177|207, 206) 229,338] 780,112] 96] 90) 82}- - .|686)1, 004/540)582)1, 347/782 722) 510/631 
Second picking: 
Single stalk........ 350)211)...|149} 295'195}....].../100]...] 39)... 303)-----|..-|--- BZA eo ale in| O2|\~-> 
Old method....-.- 300/178)... .1140) 262/160)... .|...)120)...| 31)]--.} 78).-.--|.2<].-. B20 | peepee ees wale 
Third picking: 
Single stalk........ PNT BONS mba 5 2 Sin, il okie: il pee RASS ol ca PM Rese alley Brie 47)... 
Old method....-.. Ce TS4| eee co oe tel tear Soe eee ead Otel lee ep Pal trol See hee ar ',<'— 
Total: | 
Single stalk........ 855|606'287'376| 488/531] 645 123/199/115}118). . .]917 1, 074|582|699)1, 821/850 765/1, 029/649 
Old method....... 680|489 207,346] 491.498) 780 112/216) 90/113). - .|764 1, 004/540/582)1, 672/782 722) 817/631 
Increase (per cent): 
Gain or loss (—) } 
for single stalk...| 26) 24) 39) 9/—0.6 Heal 10}—8} 28) 4] 11] 20 7| 8} 20 9 9 6 26] 3 


1 Actual yields not reported. 
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In six of the nine experiments conducted in Louisiana the total 
yield of seed cotton favored single-stalk culture by 9 to 39 per cent. 
In the other three experiments the total yield favored the old method 
by 0.6, 8, and 17 per cent, respectively. In the latter instance only 
one picking was made, and this so late that it is feared some cotton 
was lost, particularly from the single-stalk rows, which probably 
opened earlier than the others; also the reports of this experiment 
are so defective as to throw some doubt upon their record value. 
In the second instance the experiment was not inspected by the writer 
and only the yield records are available, so that it can not be stated 
with assurance that single-stalk culture was properly applied. In 
the first instance the stand was so poor that the new system could 
not be applied to good advantage, and it appears, moreover, that 
the first picking was made too late to secure the full yield. More 
than one picking was made from six of these experiments. In four 
of the six instances single-stalk culture yielded 3 to 32.9 per cent 
more seed cotton at the first picking. The yields from the other 


two experiments were influenced by thinning that was too late and 


by a poor stand, respectively. In five of six instances single-stalk 
culture yielded 6 to 22 per cent more at the second picking. A 
third picking was made in only one instance, and this favored single- 
stalk culture by 26.1 per cent. 

There were three experiments in Arkansas, and in total yield these 
favored single-stalk culture by 4, 11, and 28 per cent, respectively. 
In one instance, where thinning was done a little too late, the old 
method yielded 4 per cent more seed cotton at the first picking, but 
this was offset by a 26 per cent increase for single-stalk culture at the 
second picking. 

In all of the nine experiments in North Carolina, single-stalk culture 
gave greater total yields than the older methods, the differences 
varying from 3 to 26 per cent. In one instance, where the time of 
thinning was too late, the old method gave 22 per cent more seed 
cotton at the first picking, but this was offset by a 353 per cent in- 
crease for single-stalk culture at the second picking. In another in- 
stance, where three pickings were made, single-stalk culture yielded 
more seed cotton at each picking than the old method, the difference 
for each picking being 22, 32, and 42 per cent, respectively. 


YIELD AND QUALITY OF LINT. 


Having seen the effectiveness of single-stalk culture in increasing 
the yield of seed cotton over that of the usual systems of culture, it is 
of importance to know whether the lint was affected by the new 
system. It might be expected that the suppression of vegetative 
branches and the closer spacing of the resultant smaller plants would 
so affect the yield or quality of lint as largely to offset the advantage 
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gained through increased yield of seed cotton. This condition does 
not exist, however, as shown by the results of determinations made in 
connection with the present experiments and those previously 
reported. 

LINT PERCENTAGES. 

Table XXII gives the per cent of lint as determined in samples of 
seed cotton sent in by five farmers from their respective experiments. 
Reference to Table I, page 4, will show the locations of these 
farmers, which fairly represent the general distribution of the experi- 
ments. One is in south-central Louisiana, one in northeastern 
Louisiana, one in southwestern Arkansas near the Arkansas- 
Louisiana line, and two are in North Carolina. The varieties used in 
these experiments were, respectively, Half-and-Half, Sugar Loaf, 
Triumph, Prolific (probably King), and Cleveland Big Boll. ~ 


TABLE XXII.—Percentage of lint in samples of seed cotton taken in five single-stalk 
culture experiments with cotton conducted in 1915 in Louisiana, Arkansas, and North 
Carolina. 


R. K. John J. E. H.D. |L.M.San- 
Sample. Boney. | Hebert. } Tanner.| Sloan. | derson. 
Old method: 
NOide= Sec. eee See 5 Sede aes 2a pee eae Ee 35 35 36 37 36 
IND; 2a teint eee ek Cee eee a eee 37 34 34 35 37 
INO Bs ost ae ob ee a tee Bae See Ree eee comes 35 33 33 36 37 
NWos4ssiittil-et TEE Sas ee ee eee eee 36 33 36 35 39 
ieee ae epee aa eee MGalt 5 eee Sac 38 34 33 35 37 
Single stalk: 
INOS ce Hs cet he oe eae eS See te aes eee 39 34 33 35 36 
INO 2e2 = SNS 3 SS. eee ae. Be eee ee 37 33 34 35 37 
PS eee eee re eee oe pe eae 36 33 35 38 35 
INO 4a see eS EES EEE PPE ESAS Pe on 33 32 39 37 
NORD nate ee eee peepee oh nee eee eee ata oe 32 33 34 37 37 
Average: 
Oldimofhod < 2.55 2--2s225225252-ose eee eee ene 36. 2 33.8 34.4 35.6 ie 
ST 5G ee eee eeeee A maa sene aes tes Saas ooo 36.2 33.2 33.6 36.8 36.4 


Table XXII shows practically no difference in the average percent- 
age of lint obtained under the different systems of culture. The 
difference is remarkably small in view of the great differences in per- 
centage among the individual samples from some of the experiments. 
The greatest difference in average percentage of lint is 1.2, and this 
favors single-stalk culture. In three other instances the differences 
range from 0.6 to 0.8 per cent in favor of the old method. In the 
remaining instance the average percentages are identical. 


RELATIVE ABUNDANCE OF LINT. 


The percentage of lint in itself is no more a safe basis for compar- 
ing the effect of different cultural methods than it is for judging the 
relative value of varieties.1 The percentage of lint would vary 

1 Cook, O. F. Danger in judging cotton varieties by lint percentages. U. S. Dept. Agr., Bur. Plant 
Indus. Cir. 11,16 p. 1908. 


Meloy, G.S. Lint percentages and lint index of cotton and methods of determination, U.8, Dept. 
of Agr. Bul. 644, 12 p.,2 fig. 1918. 
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materially with the size of the seed if the abundance of lint on the 
surface of the seed remained constant. Conversely, if the abundance 
of lint were not constant, the lint percentages might appear uniform 
even though the size of seed varied considerably. Thus it is desir- 
able to know whether the size of seed and the amount of lint per seed 
were affected by single-stalk culture. The weight in grams of 100 
seeds taken from each of the samples discussed in connection with 
Table XXII is shown in Table XXIII, together with the lint indexes, 
or the grams of lint on 100 seeds, of the same samples. 
TaBLE XXIII.— Weights of 100 seeds and lint indexes (grams of lint on 100 seeds) of 
jive different varieties of cotton as determined from samples of seed cotton grown in 


five single-stalk culture experiments with cotton conducted in Loutsiana, Arkansas, 
and North Carolina. 


Weight of 100 seeds (grams). Lint pee ne aka on 100 seeds 
Sample. 
B.K.| or | Ton | H-D-| ‘Sane | RK: | wor | Ton: | B.D. | Bane 
oney-| bert. | ner * | derson. ®Y-| bert. | ner. oan. | derson. 
Old method: 
ING a ese Peeeenee 9.1 9.7 12.0 9.7 12.4 4.9 5.2 6.8 Be 7.0 
INO Beeeceseeese 9.7 9.8 13.1 9.4 11.2 5.7 5.1 6.8 5.1 6.6 
INOsSeegce once: 9.4 9.7 12.8: 10. 2 11.8 5.1 4.8 6.3 5.7 6.9 
INON Rates 10.2 9.7 12.6 10.6 11.7 HY 4.8 Weil 5.7 Wao 
INOKD Msc ces cee 9.6 8.9 13.5 10.3 12.6 5.9 4.6 6.6 5.5 7.4 
Single stalk: 
No. 1...- 9.5 10.2 12.7 10.3 11.8 6.1 5.3 6.3 5.5 6.7 
INON 2 Eee 8.9 9.9 11.9 9.6 11.8 5.2 4.9 6.2 5.2 7.0 
INKD Slosacecceusee 9.9 9.4 11.2 9.8 ih 7 5.6 4.6 6.0 6.0 6.3 
INOW4 A eee ees 9.5 9.8 12.6 11.1 2) 5.6 4.8 6.0 7.1 6.6 
IN On Oeste Fas 2 10.6 9.0 12.2 10.1 10. 2 5.0 4.4 6.3 5.9 6.0 
Averages 
Old method. .-..- 9.60 9.56 | 12.80 | 10.04] 11.94 5. 46 4.90 6. 72 5.54 7.08 
Single stalk..... 9.68 9.66] 12.12} 10.18] 11.34 5.50 4.80 6.1 5.94 6.52 


It will be seen from Table XXIII that, while there was con- 
siderable variation in the weights of seed representing either of the 
systems of culture, the average weight of 100 seeds was about the 
same for each system. ‘This fact, in addition to the fact that there 
was no significant difference in the percentage of lint, would indicate 
that the density of lint on the seeds was about the same under the 
different systems of culture. That is, we would expect to find 
that the weight of lint per seed did not vary significantly. The 
figures in the second part of Table XXIII show that such was the 
case. ‘The lint index, or the number of grams of lint on 100 seeds, 
is seen to vary only slightly and in direct proportion to the size of 
ee GRADE AND LENGTH OF LINT. 

Samples of lint in each of the experiments discussed in connection 
with Tables XXII and XXIII were submitted to Mr. Fred Taylor, 
cotton technologist of the Bureau of Markets, for a report on the 
grade and length of the lmt produced by the different systems of 
culture. Mr. Taylor’s report is embodied in Table XXIV. 
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TaBLE XXIV.—Grade and length of lint of five different varieties of cotton grown under 
single-stalk and old-method systems of culture in 1915. 


xen eT. : Length 
Grower and system of culture. Grade. of staple. 
R. K. Boney: Inches, 
Old method?:*s--— =: -* = Re ee ES As eee Re Strict Middlings= -22222 seas. z 
Sinvle Stabe seen s jose boee te ring Dee n5 3 eee ee seine eee GOSS cs ata eek we eas 18 
John Hebert: 
UG lilt 3 a5 sia 35255282 322262 s5sesdseeos soe se toscogeese- Good Middling.......-.....- i 
DINPIO SALE scenes eee Na ae ae ee 2 Seen ae ea oe ee GOEL NTS IEE £55 Baht Ka 
anner: - 
Old:method: = ...2.22 22 422 Shes eee 2222 ee eee oes See dose eke eee 1 
pimple stalk. = 22.22 Ps sero b eke ee eee est eee ee cee ree | nee (6 (oe ear ee ia 145 
H. D. Sloan: 
(Ol irre HOG ea ee eee ee Strict Low Middling.-....... pes 
Singleistalk: - 2:22.22 22). AUS See oes: tL CES SS ae | ee do. $::..s5thi ewe eee ag 
L. M. Sanderson: 
Oldimethod: «.. : -3.222 52 525k Sect alas alas 2 eee es eee Strict, Middling coe o- ener 18 
SHI g ee pest oo esas: pasasssesestcacbe 52552225202 ces208s Good Middling.............. 1 


Table XXIV shows that there was practically no difference in the 
lint from the different systems of culture. In three instances the 
length of lint was slightly (;4 inch) greater for single-stalk culture, 
and in two instances the lengths were identical. In no instance did 
the lint from the old-method samples show any superiority in length 
or grade over that from the single-stalk samples. 


SUMMARY. 


Under an informal cooperative agreement with the Office of 
Extension Work in the South of the States Relations Service, 21 
experiments with single-stalk cotton culture were conducted in 1915 
in nine parishes and counties of three States, namely, Louisiana, 
Arkansas, and North Carolina. 

These experiments were located in ordinary fields of cotton, single- 
stalk culture usually being compared with older methods in alternate 
rows or in alternate blocks of 2,3, or 4 rows. In one instance the two 
systems were compared on an acre basis. 

Tn all cases the old-method rows were thinned in the usual manner 
at the usual time, while the single-stalk rows were thinned later and 
the plants were left closer together than usual, as is required by this 
method. In all other respects the rows received identical treatment. 

All picking was done under the direction of either the farmer him- 
self or the county or parish agent directly interested and a record of 
the yields forwarded to Washington. 

There was no significant difference in the lint produced by the 
different systems of culture, the lint percentage, the size of the seed, 
the lint index (grams of lint on 100 seeds), and the grade and length 
of lint remaining about the same. 

Looking at all of the experiments as a group it is seen that single- 
stalk culture gave greater total yields in 18 of the 21 instances; it 
gave greater yields at the first picking in 16 of the 21 instances; it 
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gave greater yields at the second picking in 9 of 11 instances, and it 
gave greater yields in the only instances where third pickings were 
made. While some of the differences are so small as to be insignifi- 
cant in themselves, there was a general increase throughout the 
entire series of experiments, in several instances by more than 20 per 
cent. 

Eliminating, for the present, those experiments in which it is 
known that the thinning of the single-stalk rows was done too late, 
those in which the stands were generally poor and single-stalk culture 
was applied to only the short spaces in the rows where the stand per- 
mitted the application of the new system, those in which there is no 
assurance that single-stalk culture was properly applied, and those of 
which the reports are defective, there remain at least five experi- 
ments—three in Louisiana and two in North Carolina—that may be 
considered as fairly reliable tests of single-stalk culture. The yields 
of seed cotton from these favored the new system by 20 to 39 per cent. 

It is not to be inferred that the particular treatment applied in 
these experiments is the best development of the single-stalk method 
or that this method is to be recommended for general application in 
the States where the experiments were located. The suitability of 
the new system for any region requires that the local conditions and 
the behavior of the plants be well understood. How to secure the 
greatest possible advantage from the control of the branching habits 
of the plants is a problem worthy of the attention of experimenters 
who are interested in improving cultural methods with cotton. 
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INTRODUCTION. 


The purpose of this bulletin is to give instruction in the making of 
‘useful articles for the school, farm, and home. It is intended 
primarily for rural school teachers and for pupils of the seventh and 
eighth grades. The exercises have practical application to the agri- 
cultural work of the school and also to the various club projects in 
agriculture. In some States farm mechanics, or as it is termed, 
handicraft work, is conducted as a regular club project and is proving 
to be desirable for this purpose. 

Many of the exercises and drawings are compiled from extension 
bulletins of the different States. Bulletins published by Kansas and 
Towa agricultural colleges have been used very freely. In these 


1 Prepared under the direction of C. H. Lane, Chief Specialist in gricultural Education, States Relations 
Service. 


Notr.—This bulletin furnishes elementary lessons in farm mechanics and is of interest to teachers and 
pupils of rural schools in all parts of the United States. 
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States the handicraft club work has received considerable attention. 
Others of the exercises are from publications of this department; 
still others are original with the author, beimg those he has used in 
giving instruction in agriculture in public schools and in his work on 
the farm. 

It is hoped that the exercises outlined will suggest many others. 
A large number of school, farm, and home appliances can be made by 
schoolboys, and the making of these things trains the hand and the 
eye and develops habits of accuracy and neatness. The work can be 
done as a part of the regular school work or during spare time at 
home. It will be a recreation as well as a benefit. 


TOOLS AND THEIR USES. 


A large investment in tools is not necessary to carry on this work, 
and many boys on farms will find all the necessary tools at home. 
For most of the woodworking exercises the 
yf Sie following are sufficient: Crosscut saw, rip- 
Y saw, 2-foot rule, steel square, try square, 
hammer, jack plane, block plane, marking 
CAOSS CUT SAW gauge, 4-inch and 4-inch chisels, bits and 
) : brace, and screw 
Y) driver. These tools 
will cost, if pur- 
same ule! chased new, ap- 

Fig. 1.—Teeth of crosscut and rip proximately S12 
ae The tools should 
be of good quality; it seldom pays to pur- 
chase inferior ones. Carpenters when buy- 
ing tools find it economy to select those 
bearing the stamp of areliable manufacturer. 

Allfarm boys 
have had more 
or less experi- 
ence with tools 
and know how 
to use them Fic. 2.—Position of hand, elbow, 
fairly well;nev- and _ shoulder, when using a 
erthelessa brief 
mention of the uses of the tools given in 
the list will be of value. 

The crosscut saw, as thename indicates, 
is used to cut across the grain of the wood. 
Its teeth are filed to sharp points, as shown, 
at A, figure 1. The teethare usually set or bent alternately so as to be 
at a slight angle with the body of the saw blade. The insides of the 


Fic. 3.—Starting the saw. 


a 


teeth are filed in sharpening, as Indicated in the figure. The ripsaw 
is used to cut with the grain of the wood. Its teeth are filed to the 
shape of chisels placed one behind the other, as shown at B, figure 1. 

Figure 2 shows the position of hand, elbow, and shoulder when 
using asaw. The 
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_ index fingershould 
be along the top of 3 4 5 
the handle on the el 20 19 


right side and the 
thumb on the left 
side. They are 
then in a position to guide the saw. The hand, elbow, and shoutder 
should be in a straight line, as shown in the drawing. To start saw- 
ing, place the left hand on the mark on the board, as shown in figure 

3, to guide the saw 


Fig. 4.—Divisions of a carpenter’s rule. 


ieee sara Ss) e778 9 10 It 42 19:14 15 16.17 and make a light up 
TONGUE stroke. Continue 
[4 with a few light 


strokes up and down 

until the saw is well 

started and finally 

take full strokes the 

length of the blade. 
The rule is the 

@ Fie. 5.—Steel square and try measuring gauge. 

square. : 

Naturally, accurate 
measurements are necessary if good work is 
done. On the 2-foot rule one edge is di- 

——- _ vided into inches, halves, quarters, and 
eighths, and the other into inches, halves, 
quarters, eighths, and sixteenths, as shown in figure 4. 
To save time when measuring a number of. pieces of 
the same length it is advisable to make a measuring stick 
of the length required and use this instead of the rule. 
Figure 5 shows the two kinds 
of squares in use: The carpen- 
ter’s steel square at (A), and 
the try square at (B). As shown 
in the drawing, the parts of 
a steel square are tongue and blade, 4 &—Sduaring up a board with 
a steel square. 
and the parts of a try square are blade 
and beam. The carpenter’s square is used for measuring 
Iumber and also for squarmg across boards when cutting stock 
into lengths. Figure 6 shows how a steel square is used for 
squaring across a board. Notice that the long sideis parallel with the 


SLADE 


SLADE 
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length of the board. As the square forms a right angle, the short side 
will then be at right angles to the sides of the board; consequently, 
a line drawn on the board along this short 
side will be at right angles to the side of 
the board. The try square is used for 
squaring up boards, as shown in figure 7, 
and also for testing surfaces and testing 
angles. Figures 15 and 16, pages 6 and 7, 


the handle near the end farthest from the 


Theses 
show these operations. 
The hammer has two uses—to drive nails, 
Joh and to pull nails. When driving nails, grasp 


head; you 


Fic. 7.—Squaring up a board with ean strike CHIP’ IF7ON 
e ——————_—_—_——————————— 


a try square. 


a more ef- 
fective blow than if you grasp it 
near the other end. When pulling 
nails, the hammer acts as a lever; 
it is surprismg how much pul 
ling force is exerted on the nail. 


LATEFIL. 


SLANE /frON 
TLAINE ITTON SCHEW 


Fig. 8.—Plane iron, plane-iron screw, and cap 


iron. 


The planeisused tosmooth 


ADIUSTMENTS. surfaces. The jack plane is 


p 

Ln 
LVUVISS CIPSUSTING NOT 
Fig. $.—Parts of a plane. 


plane before you, examine all these parts. 
When a plane is properly adjusted the 
plane iron projects the same distance from 
each side of the throat. The adjustment is 
tested by sighting, as shown in figure 10, 
and by feeling with the fingers to see that 
the edge projects equally on each side. 

The marking gauge is used to gauge, or 
mark, a line parallel to one edge of a 
board. To set the gauge, hold it point 
side up in the left hand, and with the rule 
in the right hand place the end of the rule 
against the gauge block and see that the 


the onemost commonly used. 
The plane iron is the cutting 
part of the tool. Figure 8 
= shows the plane iron, the 
wp plane-iron screw, and the 

eh cap iron, and figure 9 shows 
a cross section of a plane 
with the different parts 
clearly indicated. With a 


Fie. 10.—Sighting to adjust a 
plane. 


measurement desired on theruleis at the point of the gauge, as shown 
in figure 11. Tighten the set screw, and the tool is ready for use. 
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To mark a line, hold the gauge firmly with the thumb and fore- 
finger encircling the gauge block and tip the gauge away from you, 
as shown in figure 12. To make the line, push the tool—never pull 
it toward you. Do not press hard against 
the pomt—a line only as fine as a knife 
line is required. 

The chisel is used in clipping and paring 
out portions of wood. When cutting with 
a chisel, grasp the handle with the right 
hand and the shank with the left hand and, instead of pushing straight 
down or straight ahead, incline the tool to get a paring action. 

Figure 13 shows the parts of the brace and bit. Unless boring a 
slanting hole, the bit should enter the wood straight. If the side lips 

touch the wood ai the same time you are sure 
that the bit has entered the wood straight. 

When using a screw driver, be careful not 
to break the head off thescrew. A little soap 
placed on the screw before inserting it into 
the wood will make it enter more easily. 


Fig. 11.—Setting the gauge. 


CARE OF TOOLS. 


Fig. 12.—Method of using the If you expect to do good work with tools 
eee you must see that they are well cared for. 

If tools are allowed to become rusty and dull and parts are lost good 
work can not be expected. Wipe the polished surfaces of tools 
with an oily cloth once a week, at least, and whenever the bright 
surface of a tool becomes wet wipe it dry and rub it well with the 
oily cloth. If rust accumulates, it can be 


removed by the use of powdered pumice ANG 
stone. 

A place must be provided in which to 
keep the tools when they are not in use, SHANE, 


otherwise they may be lost or broken. 
Drawers in the work bench, or cupboards 
placed on the wall where they will be easily 
accessible, are convenient places for hold- 
ing tools. 

The cutting edges of tools must be kept 
sharp; good work can not be done with a 
dull tool. Ifchisels or plane irons become ‘S%*' 
very dull, they are first sharpened on a HES Fe per 
grindstone or emery wheel, then dressed on an oilstone. They are 
ground at an angle of 25° and dressed on the oilstone at an angle 
of 30°, as shown in figure 14. If but shghtly dull they may be 
rubbed up on the oilstone only. Hold them firmly on the grind- 
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stone or emery wheel, bevel side down, and grind until a thin wire 
edge is seen; next, rub them on the oilstone, first on the bevel side 
and then flat on the stone with the bevel side up. Repeat until 
the wire edge disappears and the edge becomes sharp. 
Saws must be sharp. The sharpening is not an easy matter, and 
pupils should be aided by some one who has had experience in doing 
this work. 


Lin to0° TERMS USED IN WOODWORKING. 


Certain terms are used in de- 
scribing woodworking operations. 
These are (1) cutting the stock or lumber, (2) squaring up the stock, 
(3) laying out the work, (4) cutting to lines, and (5) assembling the 
parts. 

By cutting the stock is meant the getting of the rough pieces of 
lumber ready to make the article. For finishing, add one-sixteenth 
inch to the thickness, one-eighth inch to the width, and one-half inch 
to the length of each piece. The width and thickness of rough lumber 
are always somewhat less than the stated dimensions. For example, 
a so-called inch board is usually seven-eighths inch in thickness. This 
must be kept in mind when cutting stock. Always try to avoid waste. 
To do this one must measure and calculate carefully before cutting 
the pieces. 

Squaring up the stock means making the rough piece into one that 
has smooth, flat, straight sides that are at right angles and that is of 
the desired length, breadth, and thickness. 
The term ‘finished stock’ is applied to 
stock that has been squared up. When 
squaring up stock you should establish 
a working face and a working edge. To 
establish a working face plane the board 
ononeside. When planing place the board 
on the bench with the grain of the wood yg. 15,-Testing the surface. 
away from you and push it against the 
bench stop; begin planing along one edge of the face, take a stroke 
the length of the board, and continue in this way, moving across 
the piece. Test the surface by means of the try square. This is 
done by placing the edge of the square on the planed surface as 
shown in figure 15, moving it about, and noticing if it touches at all 
points. If the face is not smooth, as indicated by the try square, 
continue planing until it is. This smooth face is the working face. 
Mark it with a cross (X) or some other mark to distinguish it. 

The working edge is obtained by planing one edge until it is smooth 
and square with the working face. To test the edge, place the beam 


Fig. 14.—Methods of sharpening tools. 


pee 
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of the try-square against the working face and the blade against the 
edge, as shown in figure 16, and slide the square along the board. 
If the blade touches along the entire edge the working edge is at right 
angles to the working face. 

Gauging the width and the thickness is another operation in 
squaring up the stock. Set the 
gauge to the desired width and 
thickness and, working from the 
working face or the working edge, 
draw gauge lines to show the de- 
sired width and thickness of the 
finished piece of stock. Plane to 
the gauge line and test with the try 
square. 

Measuring for length is another detail of squaring up the stock. 
Square a sharp pencil line across the working face and the working 
edge near one end of the board, as shown in figure 17, saw off the end 
just outside the line, and plane to the line. Measure the length and 
make a point to indicate its location, square a line through the 
point, saw to length just outside the line, and plane to the line as 

before directed. 

Laying out the work has reference 
to the drawing of lines on a piece 
of finished stock to indicate the 

shape it is to be cut. The work 
Se should be laid out on the working face 
Ss and the working edge. . 

Cutting to lines means to remove 
the stock to the lines that have been 
laid out. 

Assembling the parts has reference 
to the fastening of the different pieces together. 


Fig. 16.—Testing the edge. 


Fic. 17.—Squaring across a board. 


USE OF DRAWINGS. 


Accompanying most of the exercises are drawings that will aid in 
the work. The drawings are of three kinds: (1) Perspective drawings, 
which show the appearance of the finished article; (2) detail drawings, 
which show the size and the shape of each part; and (3) working 
drawings, which show the outline of the articles when viewed from 
the top, the front, and the end. In order to get the three different 
kinds of drawings clearly in mind refer to figure 18. At the top is 
shown the perspective drawing of the article, a nail box; below this is 
the detailed drawing marked sides, bottom, ends, handle; below this 
is the working drawing marked top view, front view, end view. 
The outlines in working drawings are what would be seen if one looked 
squarely down on the top, the front, and the end of the article. In 


~ 
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figure 19 is shown the working drawing of the nail box described and 
idustrated in Exercise 1, with the front, top, and end views, looked 
“at inthe directions of A, B, and C, drawn out and shown in heavy 
lines to illustrate how they are obtained. In the working drawing of 
figure 18, these views are shown laid out flat. Solid lines in working. 


sh L534 


7OP VIEW 


Jp sg +] k—— /0* 
FPONT VIEW LENO VEW 


Fig. 18.—Nail box. ~ 


drawings show the front edges of the boards; those that can be seen. 
Dotted lines indicate the edges of boards that can not be seen, be- 


cause of boards in front of them. 
In some of the exercises all three kinds of drawings are shown. In 
others only the perspective drawing is shown, as it in itself will show 


how to make the article. 
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EXERCISE I. NAIL BOX. 


A nail box will be needed in connection with the woodworking ex- 
ercise. The one shown in figure 18 is equipped with two compartments 


and a handle; it will be found convenient for use in the school and- 


about the farm. | 

The material required is one-fourth pound of 8-penny finishing 
nails and a piece of lumber 1 by 6 inches by 8 feet 6 inches. This 
piece is cut with finished dimensions as follows: 


ise Number of| Finished dimen- 
: pieces. sions. 
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Cut the pieces called for, allowing 4 inch in width and 4 inch in 
length on each one; remem- 
ber that finished dimensions 
are given above. Plane one 
of the surfaces of a side 
smooth and flat to form the 
working face and test it 
with a try square. When 
finished, mark it with a cross 
(x). Plane one of the edges 
square with the working face 
to form the working edge. 
Test with the try square. 
When finished, mark it with 
a check (V) to designate it as 
the working edge. Gauge 
for thickness by setting the 
marking gauge at ? inch and marking a line from the working face 
along the edges. Plane the board down to this gauge line and square 
the side with the working edge. Gauge for width in the same way, 
measuring from the working edge. Square a pencil line across the 
working face and working edge near one end, saw the board just 
outside this line, and plane carefully to the line. Measure the fin- 
ished length. Finish the other end of the piece in the same way. 

Follow the same plan in making the ends and bottom. . 

To assemble the frame, nail the sides to the end pieces, as shown in 
the drawing. Plane the edges if necessary to make them fit evenly. 
Fasten the bottom to the frame. To do this fit the bottom boards to 
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FRONT WEW 


Fig. 19.—Working drawing. 
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the edges of the frame, test the corners with a try square to make sure 
the frame is square, and nail the bottom to the frame. 

To make the handle, follow the same directions for squaring up the 
stock as given for the sides, ends, and bottom. Lay out lines for a 
hole for the handle, as shown by the drawing. This hole is 1 inch 
wide and 5 inches long and is placed 1 inch from the top and midway 

from the ends of the 
piece. Cut out most 
of the wood from the 
hole with a chisel or a 
brace and bit, and with 
a knife or chisel care- 
fully smooth to the 
lines and round the 


B07 70M BRACE TOP BRACE handle. Place the 

Po atl = r241 board that forms the 

\8 a handle in the proper 

bxas erg 7H place in the box and 
— ==G nail securely. 

n 

co oe To make. the parti- 


i tion pieces, square up 
ay SADDLE ol the stock as previous- 
ly directed for other 
pieces. Lay out the 
lines for shaping the 
top of the partition 
pieces, as shown in the 
drawing, either by hand 
or with arule and com- 
pass. Cut out most of 
the wood with a saw, 
and trim with a knife 
to the line. Place the 
partition pieces in the 
box, as shown in the drawing, and nail in place. 
Plane off any unevenness that is found, and the box is finished. 


Fig. 20.—Saw horse. 


EXERCISE II. SAWHORSE. 


A pair of sawhorses will be a convenience in making the wood- 
working articles. Explicit directions for making a very serviceable 
pair are given in this exercise. Figure 20 gives the necessary draw- 
ings. 

The lumber required is one piece hard pine 2 by 4 inches by 5 feet, 
and two pieces white pine 1 by 4 by 16 inches. The lumber should 
be what is known as No. 1 common S48. The abbreviations S45 and 
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S28 are used to designate lumber surfaced on four sides or two sides, 
respectively. The hardware required for the sawhorse is 4 pound of 
8-penny nails and 1 pound of 10-penny nails. 

The bill of stock with finished dimensions and the use of the pieces 
are as follows: 


Number of] Finished dimen- 
Use pieces. i 
Inches. 
Saddles. ae: 1 | 13 by 33 by 42 
Gis boned tenecs 4 | £ by 33 by 252 
Ton brace. --...-- 2 | £by 34 by 7. 
Bottom brace... . 2 | = by 34 by 172 


Cut the pieces called for above, allowimg 4 inch in width and 4 
inch in length for the finishing. It is not necessary to trim the length 
to the exact measurement. 

Next, lay out the saddle and the braces. In laying out the saddle 
first lay out the shoulder on the ends of the piece, as shown in the 
drawing. Saw out these shoulders, making them 24-inches wide at 
the top, 34 inches at the bottom, and 42 inches long. Smooth up the 
shoulders with a chisel. Lay out the top brace, making one edge 

4 inches long and the other 7? inches long, then lay out the bottom 
brace, making it 15$ inches on one edge and 173 inches on the other. 
Do not cut off the ends until you assemble the parts. 

The next step is to assemble the parts. Nail the legs on the beveled 

shoulders of the saddle. Have the mside edges of the pieces even 
with the top of the saddle. The outside corners will be sawed off 
later. 
Use 10-penny nails, drivmg them partly in. Measure 254 inches 
- from the top end and square a line across the face or the edge of the 
piece. This is the length of the legs. Tack a strip of board across 
the bottom of the legs to hold them 20 inches apart. Try the top 
braces to see if they fit. If they do, saw off the ends and nail them 
in place, using 8-penny nails. If they do not, square them up to 
fit. Fit the bottom braces in place in the same manner. Saw off 
the outside corners of the top of the legs and plane them even with 
the surface of the saddle. Saw off the lower ends of the legs to 
make the horse stand firmly on the floor. 


EXERCISE III. BIRD HOUSE. 


The study of birds is an important phase of agricultural work. 
Birds are the farmers’ friends; they destroy insects and weed seeds. 
In addition, their presence about the farm home helps to make the 
surroundings attractive. In order that birds may be provided with 
shelter, houses for them should be built and placed near the school 
buildings and homes. Figure 21 shows an attractive and easily con- 
structed bird house. 
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The material required for this house is one piece of clear white 
pine } by 6 inches by 6 feet, S45, and a small quantity of 1-inch 
brads or shingle nails. Often a box can be found that will contain 
enough 4-inch pieces to make the house. Take the box apart care- 
fully to avoid splitting the wood. 

The bill of stock with finished dimensions and the use of the pieces 
are as follows: - 


Use Number of] Finished dimen- 
E pieces. sions. 
Inches. 
Bottom:.¢222-e.=¢ 1 | 4by6by 10. 
Sides-2 25. 5-:eee=: 2 |4by4by8. 
nd. )a.2 secur 2 | 4 by 4h by 6. 
ROOls 6 Hes fe-c eee 1 | 4by4 by 10. 
ROOfe ss5--a<s-d98 1 | 4 by 44 by 10 


Cut and square up 
the pieces according to 
the dimensions given 

|| WOES above, bevel the sides 

as shown in the draw- 

ings, lay out the door 

and perch pin hole on 

BEVEL 7b / 1 g—_ >} one end, as shown in 
the drawing, bore a 
4-inch hole for the 
perch pin, bore 2-inch 
holes along the inner 
side of the line laid out 
for the door, trim to — 
A the lines with a knife, 
. layout and cut theend 
" boards to the proper 


2 FIECES OF (700F 
1— FXO" 


slant for the roof. 

In assembling the 
parts, nail the sides to 
the end pieces, using 
the 1-inch brads or 
shingle nails, nail bot- 
tom to frame, nail on 
roof boards, whittle a 

k—_—_———-/o"-——|_ perch pin } inch in di- 

ae CEU, JOE | MLM. ameter and 2 inches 

Fia, 21.—Bird house. long shad) wedge niin 

the hole below the door. The bird alights on this pin before en- 

tering the door. Paint the bird house; a dark green or a brown is a 
good color. 


SS! (0) 
igiol 
FERCH PIN 
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Nore to TEACHER.—This exercise may be correlated with drawing, language, or 
geography, as well as agriculture. Have the pupils make a drawing of the house to 
scale. Let them design and build other types of houses and put them up at home 
and about the school yard. See list of references given, especially Farmers’ Bulletin 
609. Language-lesson topics that may be used are: Birds, the Farmers’ Friends, 
Food of Birds, Nature Study and Birds, and Where Birds Migrate. As a geography 
lesson have the pupils locate the States to which the birds migrate and study the 
climatic conditions of these States. As lessons in agriculture make studies of the 
feeding habits of birds and learn what weed seeds and insects are eaten by birds. 
Learn methods of keeping crows from taking freshly planted corn. 


List of U. S. Department of Agriculture publications on birds. 
DEPARTMENT BULLETINS. 


No. 107. Birds in Relation to Alfalfa Weevil. 
128. Distribution and Migration of North American Rails and Their Allies. 
171. Food of Robins and Bluebirds of United States 
185. Bird Migration. 
187. Preliminary Census of Birds of United States. 
205. Eleven Important Wild Duck Foods. 
217. Mortality Among Waterfowl Around Great Salt Lake, Utah. 
280. Food Habits of the Thrushes of the United States. 
292. Distribution and Migration of North American Gulls and Their Allies. 


FARMERS’ BULLETINS. 


No. 493. The English Sparrow as a Pest. 
497. Some Common Game, Aquatic, and Rapacious Birds in Relation to Man. 
506. Food of Some Well-known Birds of Forest, Farm, and Garden. 
609. Bird Houses and How to Build Them. 
628. Game Laws for 1914. 
621. How to Attract Birds in Northeastern United States. 
630. Some Common Birds Useful to the Farmer. 


YEARBOOK SEPARATE. 


No. 620. American Thrushes Valuable Bird Neighbors. 
642. Shore Birds and Their Future. 


BIOLOGICAL SURVEY CIRCULAR. 


No. 94. Directory of Officials and Organizations Concerned with Protection of Birds 
and Game. 1913. 


EXERCISE IV. SEED GERMINATOR. 


In figure 22 is shown a type of seed germinator that is very con- 
venient for testing seed corn. The box is divided into squares by 
broom wire or cord. Sand or soil is placed in the box, and the kernels 
are planted in the squares. The rows of squares are numbered one 
way of the box and lettered the other way. Each square can then 
be designated by a number and a letter in the same manner as cities 
and countries are often designated on maps. For example, the upper 
left hand square is A 1, the upper right hand one, A 10. When corn 
is to be tested, the ear from which a group of kernels is taken is desig- 
nated by the same letter and number as the square in which it is 
planted. 
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The material required is one piece $ by 10 inches by 2 feet, one piece 
8 by 12 inches by 4 feet, about 32 feet broom wire or cord, and a few 


6-penny and 8-penny finishing nails. 


The stock, with finished dimen- 


sions and use of each piece of lumber, are as follows: 


= Number 

Use. of pieces. 
Sidesiz:2ice 132 2 
WNGSS<2 224. ceeee 2 
Bottom..-=--55e4 2 


= —— ———— 
206 ——— —_a | 
20% 

2/2 


Fia. 22.—Seed germinator. 


nail the bottom boards in place, using 6-penny nails. 


Finished dimen- 
sions. 


Inches 
3 by 2 by 203 
3 by 2 by 194 
3 by 92 by 214 
Rip the ~ by 10 


inch by 2 foot board, 
making four strips, 
each 2} inches wide. 
Cut to lengths of 
sides and ends and 
plane to dimensions 
given above. Saw 
from the 3? by 12 inch 
by 4 foot board two 
pieces, each 214 
inches long and plane 
to dimensions. Cut 
notches in ends of end 
pieces as shown in the 


drawing. 

To assemble, nail 
the ends to. sides. 
Use 8-penny nails, 


putting three nails 
into each cover, two 
through the end 
pieces into the side 
pieces, and one 
through the side piece 
into the end piece. 
This method of nailing 
makes a good strong 
corner. Be careful not 
to split the wood 
when nailing. Next, 
Cover the 


crack between the two bottom boards with a narrow strip of wood 
to prevent the sand or soil from sifting through the crack. 
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To provide pegs on which to string the wire to make the squares, 
drive 6-penny nails 2 inches apart into the top edges of the sides 
and ends of the box, allowing the heads to project 4 inch above the 
surface of the wood. Stretch the broom wire or fan around the 
nails to form the division, as shown in the drawing. Print letters 
and figures along one end and side, as shown in the drawing. Place 
sand or soil in the box, and it is iets for use. 

A seed germinator similar in construction to the one just de- 
scribed, but without the wires, is often used in seed-corn testing 
work. Figure 23 shows a perspective drawing of a convenient- 
sized tester of this kind. The box is 12} inches wide, 184 inches 
long, and 2 inches deep. A box of this size will test 45 ears of corn. 
The box used in the previous exercise can be used if desired. Half 
fill the box with sand or sawdust that has been soaked in water at 
least an hour, pack the material level, and above it stretch a piece 


Fig. 23.—Seed germinator. 


of muslin that has been ruled into 2-inch squares. Number the 
squares from 1 to 45, as shown in the illustration. Place the kernels 
to be tested, germ side up, in the spaces, cover the cloth with another 
piece of cloth a few inches larger than the box, and place wet sand 
or sawdust above this cloth. Cover the box with a piece of glass 
or oilcloth to prevent evaporation of the moisture and set it away 

in a warm place for a few days. When examining the kernels to 
see if they have germinated, always roll the top cloth back care- 
fully, otherwise you are likely to get the kernels from the different 
squares out of place. In the illustration the part marked A shows 
germinated kernels, that marked B the numbered squares, and that 
marked C the kernels ready to be tested. 

Instead of filling the box with sand or sawdust, the seed bed 
can be made of heavy canton flannel or similar material. Use two 
or three thicknesses in the bottom of the box and one or two thick- 
nesses for covermg the kernels. A new cloth should be washed 

. before usmg. It is well to bear in mind that canton flannel comes 
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27 inches wide. A box of the dimensions given above is just the 
right width for canton flannel once folded, allowing for shrinkage. 

For use, soak the cloth in water and place the half of the cloth, 
double thickness, which has been marked in squares, in the bottom 
of the germinating box. Place the kernels from ear No. 1, germ 
side up, in square No. 1, and so on, as,already described. When 
all of the squares have been filled fold the other end of the cloth 
carefully over the kernels. If during the sampling the cloths have 
become dry, sprinkle them well with water. 

The principal advantage of this method is that it is almost impos- 
sible to injure the corn by the addition of too much water, as is 
frequently done where tests are made in sand or sawdust. 


Fig. 24.—Rag-doll seed tester. 


In making the box, follow directions (except with regard to dimen- 
sions) given for the box shown in figure 22. One should have no 
difficulty in figuring the amount of material required, cutting the 
pieces into the proper lengths and assembling them. . 

In figure 24 is shown what is known as the rag-doll tester.1_ This 
is one of the cheapest as well as most convenient and accurate 
methods of testing seed corn. It requires no box. 


To make this tester, secure sheeting of a good quality and tear into strips from 8 
to 10 inches wide and 3 to 5 feet long. Where these are to be used very much it is 
well to hem the edges, as otherwise the ravelings sometimes disarrange the kernels in 
unrolling. Each cloth should then be marked with a heavy pencil; first, lengthwise 
in the middle, and then crosswise, as shown in the accompanying illustration, making 
squares about 3 inches wide. Number the squares as shown in the illustration. 

Moisten one of these cloths and lay it out on a board of convenient size in front 
of the ears which are to be tested. Place kernels from each ear in squares numbered 
to correspond to number of ear. When the cloth has been filled, begin at the upper 
end with ears Nos. 1 and-2, etc., and roll the cloth up. Since the cloth is moistened, 


1 The description and illustration are based on Iowa Agricultural Experiment Station Bulletin 135. 
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the kernels will not push out of place. If a small irregular-shaped piece of wood or 
some other substance is used as a core in rolling, a more uniform germination may 
be secured. When the rolling of the cloth has been finished, tie a string rather 
loosely about the middle of the roll, or, better still, use a rubber band, and number 
this roll No.1. Then proceed with roll No. 2 in the same way. As many rolls may 
be used ag are necessary to contain the corn which one has to test. From 20 to 50 
ears may be tested in each roll, depending upon the length. 

After the rolls have been filled they should be placed in a bucket of water, where 
they may remain for from 2 to 18 hours, depending upon the preference of the operator. 
At the end of this time pour off the water and turn the bucket upside down over the 
rolls—or a common dry-goods box may be 
used for this purpose. A couple of small 
pieces of wood should preferably be laid under 
the rolls, and one edge of the pail should be 
lifted from 4 to 1 inch in order to give suf- 
ficient ventilation. Some have left the pail 
in an upright position, placing a few sticks or 
corncobs in the bottom of the pail to insure 
proper drainage, and then packing a moist, 
coarse cloth over the rolls to prevent exces- 
sive drying. At the end of five days the 
kernels should be ready to read. 

Depending upon the arrangement of the 
ears, select, first, either roll No. 1 or the last 
roll filled. This cloth will be unrolled in 
front of the ears which are represented. Ex- 
amine all the kernels carefully. In all cases 
in which all six kernels are not strong in 
germination the ear should be thrown away. 

‘Nort to TEAcHER.—One of the very best 
lines of agricultural work for schools is the 
testing of seed corn. It is a means of get- 
ting not only the pupils, but also the parents 
interested in agriculture. Often the latter is 
a very important consideration in the success 
of the work. It pays to test seed corn, for it 
is often the means of preventing a poor stand 
or the replanting of a crop. 


As correlations with the agricul- 
tural work and the manual-training 
exercise, have the pupils compute the 
value of the lumber in a box, the value of the time to make it, the 
cost in time of testing, say, 100 ears of corn, and use the figures 
obtained in formulating problems to determine whether or not the 
testing of seed corn is an expensive practice. 


Fic. 25.—Seed-corn drying rack. 


EXERCISE V. SEED-CORN DRYING RACK. 


Seed corn should be stored in a cool, dry place, and the ears should 
be kept apart, in order that air can circulate freely about them. A 
very convenient and easily constructed rack is shown in figure 25. 


To make this rack, rip a piece of 2 by 4 inch in strips 2 by 2 inches 
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and 6 feet long. Exact measurements, however, are not necessary. 
Smooth up the pieces, bore a half-inch hole near one end, and loop 
a rope through it. This rope is hung over a nail or hook in the 
ceiling of the storage room when the rack is in use. Drive 10 finish- 
ing nails on each side of the piece, spacing them 53 inches apart. 
Number the nails from 1 to 40 (there will be 10 on each side of the 
piece). This may be done with a pencil, or figures may be cut from 
a calendar and the numbers pasted on the wood. When the rack is 
to be used, the butts of the corncobs are stuck on the nails, as shown 
in the illustration. 

Nore ro TracnEr.—The pupils should be impressed with the necessity of storing 
seed corn properly. The making of these racks by the pupils will create an interest 


in this phase of the work. In Farmers’ Bulletins other devices for drying seed corn 

are given. 
EXERCISE VI. SEED SAMPLE CASE. 

Collections of farm seeds, weed seeds, and farm seeds contaiming 

weed seeds as impurities should be made in the schools and kept for 

use in studying crops, 

weeds, and seed adul- 

terations. Tocare for 

such collections prop- 

erly, a case to hold 

the seeds is necessary. 

Figure 26 shows a con- 

venient case in which 

small bottles of seeds 

may be stored. The 

bottles are straight 

sided, 3 inch in diam- 

eter and 24 inches 

deep; they can be pur- 

chased at drug stores 

(| for about 10 cents a 

I |i ne dozen. Those with 

Us b screw tops are more 

be% convenient than those 


Sig 
FFROMT) LUE} L£NO WILY with corks. 


Fic. 26.—Seed case. 


The material re- 
quired for making the case is a piece of white pine 2 by 4 by 20 
inches. Finish the piece to the dimensions shown in the drawing, 
13 by 3 by 194 inches. Gauge two lines 3°; inch from both sides 
on one edge. On these gauge lines lay off centers for holes 1} 
inches apart, beginning 14 inches from one end. Place the piece, 
with a strip of scrap board against it on one side, in a vise, and with 
a 2-inch bit and brace bore holes 2 inches deep on the centers that 
have been laid off. The scrap board prevents the lumber from 
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slivering. Bore the holes straight into the wood. See directions on 
page 5. To aid you in boring the holes to the exact depth desired, 
bore a $-tnch hole lengthwise through a piece of scrap lumber 14 by 
14 by 4 inches, and slip this on the shank of the bit to form a collar; 
the bit should extend 2? inches beyond the collar. Bore a trial hole 
in a piece of scrap Jumber with this collar on the bit; if the hole is 
too shallow, cut off the end of the collar to get the correct length; 
. if the hole is too deep, make another collar. After the holes are 
bored, trim the edges along the sides of the piece until each opening 
is 3 oh wide. SA or stain the case; this will improve its appear- 
ance as well as preserve the wood. 

Norse to TracherR.—Collections of seeds are very useful aids in teaching agricul- 
ture. A pupil will get a much better idea from examining the seeds themselves than 
by reading about them. If you are to do efficient work in crop studies, you must 
have the seeds and, moreover, they must be arranged in some kind of order and be 
of convenient access. The seed sample case solves the question of a place in which 
to put theseeds. Foran extended discussion of this subject see Farmers’ Bulletin 586. 

Descriptions of weed seeds and methods of eradication are good 
topics for written lessons. Many weeds have been introduced into 
the United States from foreign countries; the Russian thistle, for 
example. A study of the climate and plants of these countries will 
add to the interest of the geography lessons. Enlarged drawings of 
seeds as they may be seen under a lens are useful, not only for their 
agricultural value, but for the drawing lessons as well. : 


EXERCISE VII. HOTBED AND COLD FRAME. 


A hotbed is a bed of fertile soil surrounded by a glass-covered 
frame, usually of wood, and heated artificially. Asa rule fresh stable 
manure is placed in the’ bottom of a hotbed as the source of heat. 
A cold frame is a box-like frame covered with glass or muslin. These 
frames are similar to hotbeds except that no heat is supplied artifi- 
cially. The sun’s rays through the glass are depended upon as the 
‘source of heat. The principal use of hotbeds is for the production 
of plants for early setting. Cold frames are used primarily to harden 
off plants that have been started in a hotbed. They are used also | 
to mature crops earlier in the season than if they were grown in the 
field and to lengthen the growing season of certain crops that do not 
normally mature in a given locality. Temporary cold frames are 
sometimes built over partly grown crops in the field; lettuce, for 
example, for the purpose of protecting the plants during the cold 
weather of early spring and hastening their growth. Hotbeds and 
cold frames should be set in well-drained soil and should slant toward 
the south. 

The most common sash used for hotbeds and cold frames is 3 
feet wide and 6 feet long, with the side pieces, known to gardeners 
as stiles, extending 2 inches beyond the ends. These projections 
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serve to strengthen the corner joints, and they are used as handles 
when removing the sash from the frame. The sash when in use is 
laid on the frame, the weight holding it in place. 

Figure 27 shows a simple one-sash cold frame that can be used also as 
a hotbed by placing it over an excavation in which has been placed 2 
inches of ashes or stone, 3 or 4 inches of straw, and a layer of fresh horse 
manure. The thickness of the manure will vary from 6 to 24 inches, 
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Fic. 27.—Cold frame. 


depending on the climate and the season. Above the manure, 2 or 
3 inches of straw and 5 or 6 inches of mellow soil are placed. When 
the frame is used as a cold frame it is placed directly over the soil in 
which the vegetables are to be grown; this soil should be put into a 
good state of tilth before the frame is built. 

The material required for the frame shown in figure 27 is one piece 
of board % by 12 inches by 15 feet, one piece } by 8 inches by 3 feet, 
one piece 2 by 4 by 21 inches (if a piece of 2 by 4 inch dressed lum- 
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ber is used it will probably measure 13 by 34 inches), one glass sash 
3 by 6 feet, and a quantity of 8-penny common nails. 

The bill of stock with finished dimensions and uses of the pieces is 
given below: 


> Number of ae 2 rs 4 
Uses pieces. Finished dimensions. 
Sides: Stl. 2 | by 12 aeHies at one end and 8 inches 
at the other by 5 feet. 
Bp ackse se Mish ees 2 1 | 2 by 12 inches by 2 feet 104+ inches. 
GON Geter sso ee 1 | ~ by 8 inches by 2 feet 10; ‘inches. 
Posts at back. --. 2 .| 13 by 12 by 12 inches. 
Posts at front...- 2 | 12 by 12 by 8 inches. 


Cut from the 7% by 12 inch by 15 foot board two pieces 6 feet long 
and one piece 3 feet long to form the sides and back pieees. Taper 
the side pins by laying off a slanting line on the board with one end 
12 inches from the base and the other 8 inches, and saw and plane to 
this line. If the board lacks a little in width, say, if only 11? inches 
wide, use this dimension instead of the 12 inch. The back, too, will 
be the same length. Square up the 3-foot board cut from the large 
board to the dimension given for the back. From the 3-foot board 
(8 inches wide) given in the list of material, square up the piece for 
the front. Rip the 21-inch piece of 2 by 4 inches into two pieces 
~ and saw each in two to form the posts. 

To assemble, place the corner posts on the inside ends of the side 
boards and nail with 8-penny common nails. Place end boards in 
position even with the side boards and nail securely. Saw posts 
flush with top. Lay the sash on ne frame, and the cold frame is 
ready for use. 

Nore To TracuEr.—Hotbeds and cold frames can be used very effectively in school 
and home garden work. They lengthen the growing season so much that several 
months more gardening work can be done by the pupils. In northern sections green 
plants can be grown in hotbeds as late as December, and in many southern sections 
cold frames make gardening possible all winter. 

For further suggestions concerning the use of hotbeds and cold 
frames see Farmers’ Bulletins 255, The Home Vegetable Garden; 
642, Tomato Growing in the South; 647, The Home Vegetable Gar- 
den in the South; 460, Frames as Factors in Truck Growing. 

School and Home Garden Circulars 1 to 10, published by the Bu- 
reau of Education, Department of the Interior, contain information 
about hotbeds and cold frames. These may be secured by writing 
to the Commissioner of Education, Department of the Interior, 


Washington, D. C. 
EXERCISE VIII. FLATS. 


Vegetable growers have much use for small wooden trays known 
as flats. They are especially useful in transplanting plants from the 
hotbed to the cold frame. In one method of transplanting the 
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gardener removes a quantity of plants from the hotbed to a warm 
room and transplants them to the flats. The flats with the newly 
planted seedlings in them are then placed in the cold frames. Later 
they may be transplanted to the soil of the cold frame or to the 
field direct. 

Flats vary considerably in size. Perhaps the most common sizes 
are 20 to 24 inches in length, and 15 to 16 inches in width; 24 inches 
is the usual depth. The ends are in most cases made of }-inch 
i material and the sides and bottom of 4-inch 
~—eZE => material. Cracks } inch in width are left 
in the bottom to provide for drainage. 

Figure 28 shows a flat 24 by 16 by 24 
inches inside measurement. Make several 
flats of this or any other convenient size, using 4-inch material for 
the ends and 4-inch material for the sides and bottom. Leave 4-inch 
cracks in the bottom. From the experience you have had in previous 
exercises you will be able to construct them without having the de- 
tailed mstructions before you. Make out a bill of materials, a bill 
of stock, cut the pieces, square them up, and assemble them. 

Inexpensive flats are often made by gardeners from soap or other 
similar boxes by sawing the box into sections about 24 inches in 
depth and nailing strips on these sections to form bottoms for the 
flats. Figure 29 shows how to mark out the box for sawing it into 
sections. Get a box and some pieces of 4-inch strips for bottoms 
and make a few flats in this way. If the 
box has a bottom and a cover on it, you 
can use these for the bottoms of two of 
the flats. 

Nore to TEACcHER.—Flats should be found in every 
school where agriculture is taught. They may be 
used in connection with a hotbed and cold frame as 
described previously or be placed in sunny windows 
in the schoolhouse. Plants for study during the 
winter or for transplanting to the garden to secure 
early crops are often grown successfully in flats in 
schoolhouses. A shelf wide enough for the flats is built on a level with the window sill. 


Fig. 28.—Flat. 


Fic. 29.—Method of marking box 
for sawing into flats. 


EXERCISE IX. FORCING BOX. 


A very practical piece of equipment for use in forcing the growth 
of rhubarb and asparagus in the early spring is shown in figure 30. 
One of these boxes is placed over a clump of rhubarb or asparagus 
late in the fall or early in the spring, and barnyard manure is filled in 
around the box. The heat from the manure and from the sun’s rays 
through the glass cover warms the soil under the box, and as a result 
the plants start to grow earlier. Often plants can be forced to pro- 
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Fig. 30.—Forcing box. 
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duce a crop three or four weeks earlier than usual. Some gardeners 
place a half-barrel or a keg over the plants and cover it with manure 
to force them in the spring, but the forcing box is preferable on 
account of the heat that comes through the glass; also, because the 
plants—rhubarb especially—lack the green color when grown in the 
dark. 

The material needed is one piece of board, cypress preferred, } by 
12 by 42 inches, one piece % by 8 by 28 inches, one piece of glass 13 by 
13 inches, a few 8-penny nails, 1-inch brads, and 10-ounce carpet 
tacks, and a piece of leather large enough for the two hinges. 

The stock with finished dimensions and the use of each of the 
pieces are as follows: 


- Number of HE ‘ : 
Use. pieces. Tinished dimensions. 
BaCKRE 2a: cosh ae 1 | 2 by 114 by 123. 
Sidevers22 sei ea2 2 | 2 by 113 at oneend and 7} at the other 
end by 14 long. 
TON see ones 1 | 2 by 72 by 128: 
Covers ees soagsees 2 | by 14 by 14 
Cc petauere been 2 | 2hby 14 by 144 


Cut the | by 12 by 42 inch piece into three pieces, two of them.144 
inches and the other 13 inches long. Square these up to dimensions 
given for back and side pieces. Bevel the back piece as shown in the 
drawing. To make the top edge of a side piece slanting, draw a line 
on the board with one end 114 inches from the base and the other 
74 inches and saw and plane to this line. 

Cut the } by 8 by 28 inch piece of material into two lengths, one 
13 inches long and the other 15 inches long. Square up the first of 
these pieces to form the front piece of the box. Bevel this piece as 
shown in the drawing. Rip the other piece into four strips, each 
1Z inches wide, and square up to form the four pieces of the cover. 
Lay off and cut the ends of these pieces to form the half-lap joints at 
the corners of the cover as shown in the drawing. 

With the pieces all cut and squared up, the next step is to assemble 
the parts. Nail the front and back pieces to the side pieces, using 
8-penny nails. Place the four strips of the cover in position and nail 
the half-lap joints, using 1-inch brads and bending them over on the’ 
under side. Fasten the cover to the box by means of the pieces of 
leather that form the hinges. Place the glass in position on the cover 
and drive carpet tacks into the wood along the front and sides to hold 
the glass in place. Also, drive two or three tacks along the back 
edge; these tacks can be removed and the glass slid out when venti- 
lation is necessary or the plants are to be gathered. 
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Nore to TEACHER.—These forcing boxes can be made useful aids in teaching 
agriculture. Ifyou have no rhubarb or asparagus in the school garden, undoubtedly 
you can get permission to use a few clumps at some near-by farm. The pupils will 
be interested in observing the difference between the forced and unforced plants, 
and, in addition, it will show them the necessity of warmth in plant growth. 

The making of the boxes and their use in a garden will suggest 
good ideas for written lessons. As problems in arithmetic, have the 
pupils keep records of the sale prices of forced and unforced rhubarb 
and asparagus and compare the results, taking into account the cost 
of the boxes. As the boxes should last, say, five years, they should 
be figured at one-fifth of the actual cost. 


EXERCISE X. SORTING TABLE FOR VEGETABLES AND FRUITS. 


In figure 31 is shown a sorting table for use when packing vegeta- 
bles and fruits. It is especially useful for tomatoes and apples. The 
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Fig. 31.—Sorting table. 


table is 3 feet high, 3 feet 2 inches wide, and 4 feet long and will 
accommodate two packers. The top is made of burlap or canvas 
stretched loosely on the frame; this provides a yielding surface that 
will not bruise the product to be packed. The baskets or other con- 
tainers to be filled are placed on rests made by a board extending 
across the bottom of the frame. Two of the side boards extend out 
a foot to provide a rest against which a box or other flat container 
can be leaned, if such a type is used. 

The lumber required is one piece of 1 by 8 inches by 16 feet, one 
piece 1 by 12 inches by 10 feet, two pieces 1 foot by 3 inches by 
10 feet, two pieces 1 foot by 3 inches by 8 feet, and one piece 2 by 
4 inches by 12 feet. The other material required is two pieces of 
burlap or canvas, each 4 by 5 feet, 14 feet of old rubber hose, and a 
quantity of 8 and 10 penny nails. 
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The bill of stock is as follows: 


Use oes: Dimensions. 
Inches. Feet. 
Hramey? .sb257. 4 2 |1by 8by5 
ape eae 2 |1by 8by3 
Rest boards...... 2 |1 by12by5. 
BTACHS =< = 3 4 |1lby 3by5. 
Braces ss scft2 te 4 |1lby 3by4 
WEPS ate cee 4 |2by 4by3 


Saw the 16-foot board into four pieces to form the frame, the 
10-foot board into two pieces to form the rest boards, the 2 by 4 
inch into four pieces to form the legs, the two 10-foot strips into 
four pieces for braces that will run the long way of the table, and 
the two 8-foot strips into four pieces for braces that will run the short 
way of the table. 7 

To assemble, nail the frame together, turn it upside down and nail 
the legs in place, using 10-penny nails, nail the rest boards in place, 
turn the table right side up and nail braces in place along the sides, 
using 8-penny nails, saw off the ends of the braces flush with the leg, 
nail the two thicknesses of burlap or canvas on the top of the frame, 
and nail the piece of rubber hose around the edge of the frame. 
This rubber hose gets rid of the sharp edge. If no hose is available, 
nail several thicknesses of burlap on the edge of the frame before the 
two thicknesses of burlap are fastened. 

Note to TEACHER.—As an aid in teaching agriculture, have one or two of these. 
sorting tables made and carried to an orchard where apples are to be harvested. The 
pupils can be given some practical lessons in sorting the fruit. Be sure they learn 
that the burlap or canvas is to aid in protecting the fruit from bruising. After sorting 
a few baskets of fruit, compare them with an unsorted lot. The better appearance 
of the sorted fruit will often be a surprise to them. Too much fruit goes to market 
carelessly sorted. ; : 

These tables are useful in tomato-club work. A carefully sorted 
lot of tomatoes makes a much better appearance than a vine-run lot. 


EXERCISE XI. PLANTING BOARD. 


The usual method followed when laying out an orchard for plant- 
ing is to set a stake at the point where each tree is to be located; 
but as this stake must be removed when the hole for the tree is dug, 
a planting board is often employed to get each tree in its proper 
place. In figure 32 is shown a drawing of a planting board, with 
the dimensions given. When using a planting board, the 2 by 2 
inch notch is placed over the stake that indicates where the tree is to 
stand, and two stakes are driven into the ground at the points of 
the notches at both ends of the board. The board is then removed 
and the hole dug. When the tree is to be set, the planting board 
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is placed over the hole with the two notched ends over the stakes 
in the same position as before. The tree is placed in the hole at the 
position of the 2 by 2 inch notch in the board. Thus the tree stands 
in the same place as the stake did before the hole was dug. 

To make a planting board, get a piece of 1 inch by 6 inch by 3 
foot 6 inch lumber 
and saw out the 
notches as shown in 
the drawing. 

Nore to TEACHER.— 
The planting of an orchard Fig. 32.—Planting board. 
is such an important part 
of fruit growing that some instruction about it should be given in the schools. An 
important item of the work is to get the trees in straight lines. The planting board 
described in this exercise is a means whereby this can be accomplished, and for this 
reason it is well to have each pupil make one. 


EXERCISE XII. STAMPER FOR CRUSHING LUMPS OF FERTILIZER. 


In the home mixing of fertilizer one of the tasks necessary in pre- 
paring the material is to crush the lumps of certain of the ingredi- 
ents. A very handy tool for this work, and one easily constructed 
by the pupils, is the homemade stamper shown in figure 33. Tomake 
the stamper, cut off 18 inches from a piece of 6 by 6 inch hemlock, 
smooth up a 3-foot piece of hickory or other tough wood that is 
about the size of a pick handle, bore a hole in the end of 
the hemlock block, and wedge in the handle. Often an 
old pick or sledge handle can be used for the purpose. 


Nott to TEAcHER.—The home mixing of fertilizer is a subject that 
should be taught in every country school. This simple exercise can 
be made the means of interesting your pupils, and also their parents, 
in the work. One of the arguments often given against the home 
mixing of fertilizer is the fact that some of the ingredients are likely 
to be lumpy. If you can get the pupils to mix a batch of fertilizer 


er 


a and use this stamper to crush the lumps, they will learn that the 
| lumpiness of the ingredients usually is not a formidable objection to 
2 home mixing. 

- EXERCISE XIII. FEED HOPPER FOR POULTRY. 
~eom s - 


A very convenient hopper for grains and ground meals 
Fic.33.—Home- 5 3 : 3 
madestamper {for use in poultry houses is shown in figure 34. It is 
ee een easily constructed, mexpensive, and where used has 
; given satisfaction. 
The material required is one piece of cypress 3? by 10 inches by 8 
feet, two small hinges, 1 dozen $-inch screws, and a quantity of 
6-penny finishing nails. 
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Fig. 34.—Feed hopper. 
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The bill of stock is as follows: 


Number of ete E : 
Use. pieces. Finished dimensions. 
Inches 

IBACKere decease acct sec 1 | $by 13 A a0, UBS is ma of 2 pieces). 
IROttomMss..-2ss-c-< 1 | by 133 by 5 
Centerboard ae 1 | & by 84 ‘by 

MO Seaesreeee ct iesee 2 | by 53 by 123 
IG) 8 ae ee ee 1 | 8 by 64 by 15. 
Upper part of front. 1 | $by 13 by 15 
Lower part of front... 1 | 8 by 23 by 15 
Top piece......-..-.- 1 | &by 2i by 15 


Cut from the 8-foot board one piece 154 inches; from this piece 
rip off 5$ inches and square up to make the bottom piece, and square 
up the other piece to be 34 inches wide for one of the pieces of the 
back. Cut another piece 15% inches long from the original board and 
square it up to 94 inches in width to form the second piece of the 
back. Bevel the top of the back, as indicated in the drawmg. Cut 
a piece 13% inches in length from the original board and square it 
up to the dimensions required for the centerboard. Rip a strip 
22 inches in width from what remains of the original board and cut 
and square up to form the upper and lower parts of the front, and 
the top piece. Bevel the pieces that form the upper part of the front 
and the top piece, as shown in the drawing. From the remaining 
part of the original board cut and square up the end pieces and lid. 
Bevel the lower end of the lid piece, as shown in the drawing. 

To assemble, nail the end pieces to the bottom, nail the center- 
board to the end pieces, carefully adjustmg the centerboard to the 
correct position, as shown in the drawing, nail the upper and the 
lower pieces of the front to the end boards, nail the back to the end 
boards, placing the narrow piece above the wider piece, nail the top 
piece to the top of the end boards and the back, place the lid in posi- 
tion, and screw the hinges in place. 

Nore to TracHer.—Poultry is found on every farm, and this fact makes poultry 
husbandry an especially desirable subject to be taught in the schools. In order 
that the teaching may be profitable, it is necessary that the pupils take care of a 
few fowls, either at the school or at home as a home project or home practicum. The 


making of convenient appliances as described in this and some of the subsequent 
exercises will add much interest to the work. 


EXERCISE XIV. TRAP NEST. 


A trap nest is a laying nest so arranged that after a hen enters it 
she is confined until released by the attendant. By using such nests 
the egg record of each of the hens of the flock may be determined. 
A very convenient type of trap nest, the one used at the Government 
poultry farm, is described with full directions for making in Farmers’ 
Bulletin 682. In working out this exercise, send to the Department 
of Agriculture for this bulletin and follow the directions given. 
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EXERCISE XV. BROOD COOP. 


In figure 35 are shown detailed drawings of a brood coop described 
in Farmers’ Bulletin 574. By following directions carefully you 
should be able to build one of these coops. The bill of material is as _ 
follows: 

1 piece hemlock, 2 by 3 inches by 5 feet. 

3 pieces white pine or spruce, 1 by 2 inches by 10 feet. 
1 piece white pine or spruce, 1 by 3 inches by 3 feet. 
2 pieces 4 by 2 inch stop, 30 inches long. 

34 square feet {-inch matched yellow-pine flooring. 

1 pair 2 by 2 inch steel or japanned butts. 

3 pounds 8-penny common nails. 

1 piece wire netting, 4-inch mesh, 10 by 30 inches. 

1 piece wire netting, 4-inch mesh, 9 by 15 inches. 

2 pieces wire netting, 4-inch mesh, 4 by 4 inches. 

A few staples. 

The material should be examined to see that it is what was ordered; 
then the pieces should be laid out to cut with least waste, laying out 
first the longest pieces required. 

To build the bottom of the coop, cut the 2 by 3 inch by 5 foot hem- 
lock into two 30-inch pieces. Cut enough of the matched flooring 
into 18}-inch lengths to cover the length of 281 inches. Nail the 
pieces of flooring to the 2 by 3 inch strips, nailing on the 3-inch face 
with 8-penny common nails. As shown in the sketch, the flooring 
is to be kept % inch back from the face and the ends of the 2 by 3 inch 
strips to allow for thickness of ends and sides. 

To build the back, cut from the 1 by 2 inch white pine or spruce 
two pieces 28} inches long. Next, cut enough pieces of flooring 16 
inches long to cover 30 inches. Nail the flooring to the 1 by 2 inch 
strips as illustrated, observing that the strips are kept back at each 
end % inch to allow for the sides to fit in, and the bottom strip up 
inch to fit over the coop bottom. 

The end sections are made in pairs—right and left. From the 1 
by 2 inch strips cut one piece 164 inches and one about 21 inches long. 
Cut enough pieces of flooring 26 inches long to cover 19 inches. Place 
the bottom strip $ inch up from the bottom of your flooring and % 
inch in from edge of floormg, then measure 24 inches to the long 
point of the end from bottom and 16 inches to short point of end 
and place top strip at these points. Having nailed the flooring to 
the strips, cut the flooring along the top edge of the top strip, forming 
the slope of the roof. Then cut the top strip back % inch on each 
end from the edge of the flooring. With compasses describe a circle 
as shown in the figure, and with brace and bit and compass-saw cut 
out the circle described. On the inside of the coop nail a piece of 
wire screen over this hole with wire staples. 
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To build the front section, cut from the 1 by 2 inch strips two 
pieces 28} inches and three pieces 15 inches long. Cut enough pieces 
of flooring 15 inches long to cover 18 inches. Cut a piece of wire 
netting 10 by 30 inches’and nail to nailing strip. Then nail flooring 
and slats to nailing strips-as illustrated, keeping top nailer 4 inch 
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Fig. 35.—Brood coop. 


above flooring and bottom nailer { inch above bottom of flooring. 
Next, make sliding door 4 inch smaller than distance between nailers 
and 17 inches long. Do this by fastening together with screws four 
1 by 2 inch strips of proper lengths halved together at the angles, as 
shown in the illustration. Tack piece of wire netting 9 by 15 inches 
to this frame, and the door is ready to place with wire cloth on inside 
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of coop, between the nailing strips. To hold this door in between 
the slides, nail a piece of 4 by 2 inch stop to top and bottom nailers 
as shown. If you haven’t a piece of this stop, a lath, a piece of 
beveled siding, or a strip of tin or galvanized iron may be used. 

Assemble the sections thus far completed. .To do this place the 
back and one end in position on the bottom and nail the back to the 
end. Then place the other end in position and nail the back to it as 
you did at the other end. Next, put the front in position and nail 
to both ends. Do not nail back ends or front to the bottom; the coop 
is to be lifted from the bottom to clean it. . 

Finish up the front by nailing a piece of 1 by 2 inch across the top 
between the ends, and tack the piece of wire netting to it. Cut 30 
inches from the piece of 1 by 3 inches by 3 feet and 30 inches from 
the piece of 1 by 7 inches by 3 feet, hinge the two together with the 
2 by 2 inch butts, and nail the 1 by 3 inch into place across the top. 

The coop is now ready for a roof. Cut enough pieces of flooring 
4 inches longer than slope of end of coop to cover 34 inches and nail 
them to front and back. 


EXERCISE XVI. POULTRY HOUSE. 


To carry on a home project in poultry some type of poultry house 
is necessary. Often boys of the rural schools will desire to construct 
houses. Plans, specifications, and bills of material for good types 
are given in Farmers’ Bulletin 574. Pupils desiring to build poultry 
houses should write to the United States Department of Agriculture 
for a copy of this bulletin and follow the plans given. 


EXERCISE XVII. WOODEN TROUGHS FOR SWINE. 


In figures 36 and 37 are shown two types of wooden troughs that 
are used extensively by swine raisers. The one shown in figure 36 is 
designed for use in 
feeding young pigs. 
As shown in the 
drawing it is shallow 
_and is constructed 
with a flat bottom 
and wide end pieces, 
The shallowness 
makes it easy for the 
young pigs to get at 
the feed, and the wide ends make it difficult for the pigs to overturn 
it. The cross pieces prevent the hogs from lying in the trough. The 
drawing gives all necessary dimensions. Make out a bill of material 
and a bill of stock, cut the pieces, and assemble them. 


Fig. 36.—Trough for young pigs. 


7. ae 


FARM HANDICRAFT FOR SCHOOLS. 33 


Figure 37 shows a V-shaped trough for older hogs. Like the one 
shown for young pigs, it is wide at the ends and provided with cross 
pieces. The drawing 
_ gives all necessary 
dimensions. Make out 
{bills of material and 
stock, and. construct. 
_~ Notre to TEACHER .— 
Where pig projects are a 
feature of school work the 
boys will be interested in 
building troughs such as 
are described in this exer- 
cise. This exercise and some of those that follow will fit well with the class in- 
struction dealing with swine raising as well as with the club work. 


Fic. 37.—Trough for mature hogs. 


EXERCISE XVIII. HURDLES FOR USE IN STOCK JUDGING. 


A hurdle as described in this exercise is a panel of boards made as 
shown in figure 38. Hurdles are portable and are useful when sort- 
ing hogs or sheep into groups or keeping the animals, especially hogs, 
separated when scoring and judging them. Three or four hurdles 
fastened together at the ends make a very good temporary pen. 


Fic. 38.—Hurdle. 


The materials required are four pieces 1 by 4 inches by 12 feet, one 
piece 2 by 4 inches by 8 feet, and 2 pounds of eightpenny common 
nails. To build the panel, cut the pieces as shown in the drawing. Lay 
the four pieces of 2 by 4 inches on the floor, spacing them 4 feet apart, 
nail the bottom board, space 2 inches and nail the second board, 
space 3 inches and nail the third board, nail the fourth board on the 
top. 

F EXERCISE XIX. HOG HOUSES. 


The members of pig projects will need some kind of hog house. 
Farmers’ Bulletin 438, entitled ‘‘Hog Houses,” gives some very 
practical plans for houses, and those desiring to use this exercise 
should send for a copy of this bulletin and follow the directions 
given. 
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EXERCISE XX. MILKING STOOL. 


A very substantial milking stool is uUlustrated in figure 39 and 
described in this exercise. The material required is one piece of 
white pine 1 by 8 by 21 inches, one piece 2 by 4 by 14 inches, a few 
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Fig. 39.—Milking stool. 
8-penny nails, and a hardwood wedge. The bill of stock with fin- 
ished dimensions and the use of the parts are as follows: 


Use Number | Finished dimen- 
¥ of pieces. sions. 


BQatr oo eee men ae 1 f by I 
Seat brace.....-.-. 1 by 72 by 73 
Leg 1 1 
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Cut the seat and seat brace from the 21-inch board and square 
up the pieces to the dimensions given in the bill of stock. Place the 
seat brace in position on the bottom of the seat, having the grain of 
the seat brace crosswise of the grain of the seat. Nail the two 
pieces together, driving the nails from the top and clinching them 
on the bottom of the brace piece. Lay out the mortise on both sides 


of the two pieces, as shown in the drawing. Bore three holes with 


a 32-inch bit inside of the lines and trim to these lines with a 23-inch 
chisel. 

Cut the leg from the piece of 2 by 4 inch, squaring it up to dimen- 
sions and beveling it as shown in the drawing. Lay out the tenon 
on the end as called for in the drawing. Saw to the lines and trim 
the tenon smooth with a 3-inch chisel. See that it will fit snugly 
into the mortise of the seat. Saw a slot in the tenon for a wedge. 
This should be made lengthwise and through the center of the tenon. 

To assemble the leg and seat, slip the tenon into the mortise and 
drive a small hardwood wedge into the slot of the tenon. This will 
hold the leg and seat together firmly. 

Bore a ?-inch hole in the leg near the end to provide a means for 
hanging up the stool when it is not in use. 


EXERCISE XXI. CALF STANCHIONS. 


When calves run together in a pasture or feed lot, a row of stanchions 
should be provided in order that each calf may be held until it gets 
the proper quantity of feed and to prevent it from sucking the next 
one’s ears. Figure 40 illustrates this exercise and describes a prac- 
tical row of stanchions for this purpose. White pine, spruce, or 
hemlock may be used. The bill of material is as follows: 


Quantity. Dimensions. | Quantity. Dimensions. 
NDICCE S22 see ae 1 by 5 inches by 12 feet. | Ipieceress = eae 1 by 8 inches by 12 feet. 
IBDIECE ee sas. se : 1 by 4 inches by 12 feet. |: Sibolishe= =a a 2 by 33 inches. 
dqpiece: SEI jas. | 1; by 4 inches by 12 feet. 3 pair light strap 
HIDIECE eas = ce 1+ by 4 inches by /0 feet. hinges. 
piece 35225 52 32.2 11 by 5 inches by 7 feet. 2 pounds eight- 


penny com- 
mon nails. 


From the piece of 14 by 5 inches by 7 feet cut two pieces 3 feet 
6 inches long, and from both the 1 by 5 inches by 12 feet and 1 by 4 
inches by 12 feet cut two pieces 6 feet long. Then nail the ends of 
the 1 by 4 inch by 6 foot pieces to the top of the 14 by 5 inch by 3 
foot 6 inch pieces, as shown, nailing the 1 by 4 inch pieces on each 
side of the upright. Nail the two pieces of 1 by 5 inches by 6 feet 
in the same way, 18 inches below the top board. 

From the 14 by 4 inches by 10 feet and 14 by 4 inches by 12 feet 
cut the stanchion boards, as shown. Nail a piece of 14 by 4 inch 
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between the top and bottom rails as shown, leaving a 2-inch space 
between the corncr upright and this piece. Next, space 4 inches 
from this bar to the swinging bar, drop the bar in place between the 
rails, and with a brace and 4-inch bit bore a hole through the center 
of the 5-inch rail and 4-inch bar and insert one of the 3-inch bolts. 
Space again 4 inches from the bar and nail in the next bar. Proceed 
in this way with the remaining stanchions, then nail the two pieces 
of 1 by 8 inch by 6 foot to the back of the two end uprights, as shown. 
AE 7 To hold the swing- 


eS FAI : ; 
aes ing bars in place, 
| Thin screw one side of the 
| di light hinge to short 
Ith blocks of the 14 by 
1 NN : : 
6 4 inch pieces and 
| | TT fasten the hinges to 
| Sil the top of the bar 
1 ui 


to the right of the 

Fic. 40.—Calf stanchion. swinging bar in such 

a way that when the swinging bar is in closed position this block 
will drop in place and hold the bar. 

Nore to TeEacHER.—This exercise will fit into instruction in either dairying or 

beef raising. Boys who feed calves at home will be especially interested in these 


stanchions. 
EXERCISE XXII. FARM GATE. 


In figure 41 is shown a very good type of farm gate. The con- 
structing of such a gate is not especially difficult and makes a very 
good exercise in farm mechanics for farm boys. 

For a gate 12 feet long the material required is: 

1 piece 1 by 4 inches by 14 feet. 

7 pieces 1 by 4 inches by 12 feet. (White pine or other dressed lumber.) 
1 pair bolt and eye gate hinges with bolts. 

3 pounds 8-penny common nails or 5 pounds } by 2 inch bolts. 


From the piece of 1 by 4 inches by 14 feet cut two pieces of 4 feet 
2 inches long. Space the boards as shown in the illustration, placing 
the two upright pieces 12 feet apart from outside to outside. First, 
nail six of the 1 by 4 inch by 12 foot boards to the strips. Next, 
nail the remaining 1 by 4 inch by 12 foot piece as a diagonal brace. 
Be sure to have this brace run to the bottom hinge end of the gate. 
From what is left of the 1 by 4 inch by 14 foot piece cut the two short 
braces as shown, and nail the diagonal and short braces to each 
board, 

Bolts may be used instead of nails to fasten the boards together, 
They are a better construction, but somewhat more expensive. 
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To adjust the hinges, bore a hole through the gate post, insert the 
bolt member of the hinge, and fasten it to the post by screwing a 
nut on the opposite side of the post. Having fastened the bolt to 
the post, place the eye member of the hinge on the bolt and deter- 
mine how much space is required between post and gate. This is 
usually about 3 inches. Allow 1 inch more for play between the 
gate and the opposite post if the gate is to swing clear, both ways, 
between posts. Thus, for a 12-foot gate the posts should be 12 feet 
4 inches apart. Screw the eye members in place, and the gate is 
ready to hang. 


Fig. 41.—Farm gate. 


EXERCISE XXII. ROPE WORK. 


The whipping and crowning of rope and the tying of various knots 
and hitches provide practical work for pupils in the seventh and 
eighth grades. Rope-tying contests will add interest to a Friday- 
afternoon program. Bulletins issued by the extension service of the 
agricultural colleges of some States have described and illustrated 
this rope work thoroughly. In other States, where these bulletins © 
are not available, teachers will find the manual of the Boy Scouts of 
America very helpful. The boy scout is required to learn to tie 
knots and is examined as to his proficiency in this in much the same 
way as might be done at school. 


EXERCISE XXIV. CONCRETE WORK. 


Concrete work, such as the making of posts, floors, and sidewalks, 
is a type of farm mechanics that appeals to farm boys. In many 
cases teachers can have the boys build a fence or a sidewalk for the 
school grounds. Usually the shovels, trowels, and other tools 
necessary will be brought from home by some of the pupils. Many 
boys who have practice in concrete work at school will continue 
the work at home. Instructions for working this exercise are found 
in three Farmers’ Bulletins, and these should be requested from the 
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United States Department of Agriculture and the directions followed. 
No. 461 gives instructions for mixing and placing concrete; No. 403 
tells how to make concrete fence posts; and No. 481 tells how to lay 
a concrete feeding floor. A sidewalk is laid in a similar manner. 


EXERCISE XXV. THE PAINTING OF WOODWORK. 


Some of the articles made in the exercise will need to be painted. 
For information regarding the mixing and handling of paint, see 
Farmers’ Bulletin 474. Write to the United States Department of 
Agriculture for a copy of this bulletin and follow the directions given. 
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PART I.—CHESTER COUNTY (PA) DATA. 


The purpose of this bulletin is (1) to set forth the actual labor 
distribution that prevails on farms profitably conducted in a par- 
ticularly successful farming community, and (2) to show how these 
data may be applied profitably in replanning a farm of the type 
covered in the survey upon which this study is based. 

It often happens that when a farmer undertakes to put into opera- 
tion a new system he encounters grave and unforeseen difficulties 
through the conflict of the labor and equipment demands of his 
different enterprises. Even more frequently it happens that long 
existing farming systems chronically suffer in their operations through 
the strenuous labor demands of certain seasons and through the 
enforced idleness of others. When an abundance of day labor, both 
man and horse, is easily and continually available, the problem is 
never a serious one. ‘There is, however, a great advantage in being 
able to employ labor by the season or by the year, and it is practically 
necessary to keep on the farm horses and equipment adequate to 
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meet the maximum demands of the rush season. It is important, 
therefore, that the farmer contemplating a change in his cropping sys- 
tem should have some method by which he may measure the labor 
requirements of a proposed system to determine its feasibility under 
his limitations as to labor and equipment. It is equally important 
for the farmer who is already encountering difficulties through con- 
flicting labor demands to be able to make an analysis of his system 
with a view to making changes that will obviate these difficulties. It 
is to give these farmers a:basis upon which to plan with reference to 
seasonal distribution of labor that this bulletin has been prepared. 


TERRITORY SURVEYED AND METHOD USED. 


The region studied was the southern part of Chester County, Pa. 
It extends from the Maryland line on the south to the Chester valley 
on the north, and from the more broken region in the western part 
of the county to the vicinity of West Chester on the east. It includes 
the region already covered by a farm-management survey! made by 
this department, and, in addition, areas outside of this area having 
similar agricultural conditions. 

This special study was conducted in the summer of 1915. Only the 
more successful farms were visited, that is, those yielding labor 
incomes above the average found in the previous farm management 
survey. In that study the average of 389 farm owners was $789. 
The 215 farmers visited were selected from this list except a few 
from closely adjoining territory. The object of this survey was to 
study the farm practice and labor efficiency of well-managed farms, 
to the exclusion of others. 

By ‘‘labor income”’ is meant the amount of money that the farmer 
has left after paying all business expenses of the farm and deducting 
5 per cent for interest on the money invested in the farm business. 

By ‘‘farm practice” in this connection is meant the general order 
of performing the various farm operations, from the application of 
manure, plowing, and preparation of seed bed to the marketing of the 
crop. Data as to the different types of implements and other equip- 
ment used, information concerning the use of commercial fertilizers, 
the methods of cultivation employed, and the yield and disposition 
of the products were obtained in the study of farm practice. 

By ‘‘labor efficiency” is meant the number of loads or tons handled 
or the area covered by an implement with a definite crew of men and 
horses, in a day or other unit of time, for every operation in the grow- 
ing of the crop. In this connection estimates were obtained from 
the farmer as to the number of days actually available for field work 
throughout the growing season, the number of days actually worked 
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in hauling manure or marketing a crop in winter, and the average 
number of hours worked per day for each month. From the dataon 
the distribution and efficiency of labor, factors have been worked 
out by which it is possible to calculate very closely the amount of horse 
and man labor required for any cropping system and for any arrange- 
ment and acreage of crops, provided of course that topography, 
climate, and other conditions approximate those that obtain where 
this study was made. 

The second part of the bulletin illustrates the application of these 
data and the factors derived therefrom in the operation of a typical 
Chester County farm, offering a concrete example that may be used 
to more or less advantage by the farmer who wishes to replan his 
farming system along the lines here suggested. 


LABOR EFFICIENCY AS AFFECTED BY SOIL, TOPOGRAPHY, AND FIELD 
ARRANGEMENT. 


The average efficiency for any crew working tillage machinery 
will vary to some extent with the kind of soil, the size and shape 
of the field, the rough or rolling nature of the field, and the amount 
and distribution of rainfall. These things must be considered, there- 
fore, when the following data are to be used in regions where the 
conditions vary to any considerable extent from those that prevail in 
Chester County. 

The surface soil of the Chester loam,! which is mapped on the 
greater part of this area, is a mellow, soft, brown silty loam about 10 
inches in average depth, sometimes varying from a silty to a heavy 
loam, or to a sandy or micaceous loam. Under average climatic con- 
ditions these soils work comparatively easily when 1,200 to 1,400 
pound horses are used. The soil does not easily crust or bake. 
Under very dry conditions it is sometimes rather difficult to plow, 
and some allowance should be made if clover, eae ly, or alfalfa 
seedings are to be made in August. 

The ; general shape of the field has much to do with the efficiency of 
horse labor. Where the topography is rolling and but little broken 
by rough wooded areas or streams the general arrangement of the 
fields may be changed to economize labor. In Chester County, 
however, we have conditions very hard to change, since the area 
studied is often much broken by small streams with adjacent steep 
slopes, often wooded, dividing the farming area into natural divisions 
with irregularly shaped fields which require an unusual amount of 
horse labor in handling farm machinery. 

It is for this reason, probably, that the average number of crop. 
acres per horse on the farms visited is less than on the farms surveyed 
in certain other regions. On many farms visited, however, a rear- 
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rangement of fields would no doubt be a strong factor in enhancing 
labor efficiency. Long rectangular fields require a minimum of turn- 
ing, and therefore entail the least waste of time in handling imple- 
ments, and there is little doubt that the averages in the labor require- 
ments given in the following tables could be reduced if due attention 
were given to this detail. 

The climatic conditions in this region are comparatively uniform. 
The average amount of rainfall for 33 years at Kennett Square is 
49 inches, and the average monthly rainfall for the six summer 
months during this period is 4.6 inches.. Under good soil manage- 
ment, such as has been followed on the farms visited, the soils are 
generally retentive of moisture, intertilled grain crops suffer but lit- 
tle, and the season is exceptional that forces the farmer to break 
the regular routine of plowing or preparation for seeding. 


TYPES OF FARMING. 


Few agricultural regions have a more uniform type of farming than 
that found in southern and central Chester County. » The character 
of the soil is especially adapted to the growing of forage crops and 
grain, especially corn, wheat, clover, and timothy. These favorable 
conditions and the fact that this region is convenient to good mar- 
kets—Philadelphia, Pa., and Wilmington, Del.—is probably the rea- 
son why general farming and dairying is the principal type of farming 
in this region. The systems of farming followed have not materially 
changed in the last 50 years. 

The fruit industry until recently has been confined to the home 
orchard, which, as a rule, has received but little care and has given 
but little return. However, on selected slopes where the drainage is 
good, apples are now commanding increased attention. A number 
of new orchards have been planted, and the returns from those 
orchards which have begun to bear indicate a future for the fruit 
industry. 

Hitherto soy beans have not been grown in Chester County to any 
great extent, but it is believed that this is a crop which may profit- 
ably take the place of oats in the rotation. The acreage in oats has 
decreased in recent years. Evidently the farmers are finding this 
crop unprofitable. Soy beans have been successfully grown by a few 
Chester County farmers, and their great advantage from a farm man- 
agement standpoint, in that the product has a high feeding value, 
can be harvested for hay or grain, and that the crop has considerable 
influence in soil improvement, makes this legume a promising crop 
for this region. 

Three years ago less than 1 per cent of the farmers visited grew 
alfalfa, but the acreage has been rapidly increasing since then. How- 
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ever, if alfalfa becomes a prominent hay crop, this may have a marked 
effect on the cropping systems. 

The production of corn, wheat, and hay combined with live stock— 
generally dairy cattle—brings the most uniformly profitable returns 
to the Chester County farmer. Beef cattle are found only on a few 
of the larger farms. 

The rotation generally practiced by all farmers, as well as as those 
visited, is as follows: 

1. Corn planted on timothy sod, usually harvested for grain, but sometimes for 
silage. . 

2. Corn for silage, potatoes, oats, or soy beans. 

3. Wheat. 

4. Clover and timothy for hay. 

5. Timothy for hay, one or two years. 

There is practically no change in the order of succession of these 
crops, and all variations usually come the second year after breaking 
the sod. 


VARIATIONS IN METHOD. 


Manure is generally applied for corn, potatoes, alfalfa, and often as 
a top dressing on mowing land and pasture. It is seldom applied for 


wheat or oats. About 50,to 60 per cent of the 165 farmers from. 


whom labor records were obtained haul out manure only in the spring 


and fall, 5 to 10 per cent do so daily, and the remainder weekly. 


There is little difficulty, however, in finding a Bes to spread manure 
profitably at any season of the year. 

The greater number of these farmers plow in the spring, though 
considerable areas of sod are often fall plowed. Except on steep 
slopes, which are apt to wash badiy, fall plowing of sod is of advantage 
because it will facilitate spring work. 

There is more or less variation even among the best farmers in the 
- preparation for seeding. It is their universal practice, however, to 
roll or plank-drag a field immediately after plowing, to compact the 
soil, level, and give a surface better fitted for the action of the harrow 
which follows. The majority of these farmers use a disk harrow, 
working it one or more times for each crop, which is usually followed 
by a spike-tooth smoothing or a spring-tooth harrow, finishing the 
preparation with a roller or plank-drag. Until recently the spring- 
tooth harrow was generally used on these farms, but this is being 
replaced by the disk harrow. A large number of these successful 
farmers, however, entirely prepare for seeding with a spring-tooth 
harrow and a plank-drag. The spike-tooth harrow is not in as gen- 
eral use here as in some other regions, and is used largely in surface 
finishing preparatory to seeding and for harrowing corn or potatoes 
just preceding cultivation. The weeder is little used, its place being 
taken by the spike-tooth harrow. 
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There is a growing opinion among farmers in the part of Chester 
County where these records were taken that midsummer plowing 
should not be done, but the preparation for wheat, for alfalfa, and 
for timothy and clover seeded in August should be with disk and sur- 
face harrows only. This opinion is backed up by demonstrations 
from a number of farmers. They reason (1) that it is very hard to 
compact the soil after plowing at this season of the year so as to obtain 
good moisture conditions for seeding; and (2) that by plowing the 
farmer turns under roots, stubble, and other humus material and 
brings up soil containing less humus, which makes the field more apt 
to wash badly during the winter and early spring season. If disk 
harrowing is done at the proper time there is very little difficulty in 
working under stubble or manure and obtaining a firm, fine seed bed. 
There is little difference, however, between the two systems in the 
amount of labor required. 

When fertilizer is applied for corn it is distributed broadcast more 
often than in the planter; on the other hand, fertilizer for potatoes 
is seldom broadcasted, but applied in the row at the time of planting. 

_The practice of applying lime once during the rotation is increasing. 
Years ago farmers used burned lime freely, and many farms in the 
county still show abandoned lime kilns., Then the practice of using 
commercial fertilizers gradually replaced the general custom of apply- 
ing lime until the soils got into such a condition that the practice of 
liming the soil had to be resumed. The application of caustic lime 
in the form of burned stone lime, slaked, and applied by hand is 
gradually being superseded by the use of ground stone lime, prepared 
hydrated lime, or finely ground limestone. This is undoubtedly due 
to the fact that burned or stone lime must be slaked before applying 
while the pulverized forms of lime or limestone can be handled more 
conveniently by a distributor. In fact, it was impossible to obtain 
sufficient labor data for handling lime by hand, as the lime spreader 
is generally used. Lime is usually applied at the time of preparation 
for wheat, for clover and timothy, or for alfalfa in order to obtain a 
good stand of these legumes. 

While these farmers grow from 1 to 5 acres of potatoes, or an 
average of about 4 acres, this crop, as a rule, has not given profit~ 
able yields; the average yield on the farms visited was only 84 bushels 
per acre. The cause of this low yield is not easily determined, and it 
might well be made the subject of investigation and experimental 
work, Very little spraying is done for blight; what spraying is done 
is usually to apply poison for the potato beetle. ‘The potato planter is 
generally used among the larger growers, but digging is more often 
done by the potato plow type of implement than by the elevator type 
of machine. 
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The ordinary method of seeding to clover and grasses in the region 
studied is to drill in timothy at the time of seeding wheat and broad- 
cast clover in the spring before the ground has settled. The dry and 
hot weather in summer has a tendency to burn out the young clover 
in wheat. Hence, the practice of preparing wheat stubble and seed- 
ing both clover and timothy in August obviates this difficulty and 
this method of seeding is being more generally practiced. 

The results obtained seem to justify the additional labor required 
for preparation and seeding. The writer has observed many excel- 
lent crops of clover obtained by this method of seeding, whereas by 
the old method it is quite common to see an overabundance of white 
top and other weeds. Where seeding clover in wheat is still done, 


clipping the wheat stubble in July or August has resulted in a tae 


and cleaner growth the following year. 

The practice of mixing alfalfa with clover and timothy for August 
seeding is strongly recommended by a few farmers in order not only 
to assist in inoculating the soil with the alfalfa bacteria, but also to 
improve the quality of hay. The following seed mixture has given 
good results: 5 to 6 quarts of alfalfa, 4 quarts o red clover, 3 quarts 
of alsike clover, and 2 to 3 quarts of timothy. This will usually give 
two cuttings annually, and sometimes three cuttings. The first 
will be largely of timothy and clover and the later cuttings almost 
pure alfalfa. 

Under good weather sonditone, clover and timothy hay requires 
very little handwork except in leacine and storing, and a hay loader 
is used on many farms. The advantage of ‘5 use, however, is 
doubtful with clover and alfalfa. Hay caps for protecting alfalfa are 
used only on a few of the farms visited, but those who do use them 
believe that they are of decided advantage, with very little additional 
labor in harvesting, 'and that the increased value of the hay, due to 
improvement in quality, is sufficient to justify their use. This 
improvement in quality is due to the saving of the leaves of the plant 
and the preservation of its original green color. The soy bean, in 
labor requirements, does not seriously compete with other field crops. 
While the preparation of oats usually interferes with the planting of 
corn or potatoes, ground for soy beans, on the other hand, may be 
prepared and planted after corn has been planted, and the crop can be 
harvested for hay before silo-filling time, or as grain after the corn 
crop has been cut. In either case, the land can be cleared in time to 
sow to fall grain. 

1 In order to be sure of a permanent stand of alfalfa, farmers should give attention to the essentials as to 
the quality of seed, use of lime, inoculation, and the preparation of the seed bed for alfalfa adopted by 


successful growers as the result of years of experience in the region and other regions having similar agri- 
cultural conditions. 
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AVAILABLE TIME FOR FIELD OPERATIONS. 


In order to determine whether it is possible to carry out a proposed 
cropping system with a certain amount of man or horse labor, it is 
necessary to know the approximate number of days available for 
field work and the average length of the workday. This is given in 
Table I on a monthly basis. 


TaBLe 1.—Available days for field work and hours in workday. 


Data. Jan. | Feb. | Mar. | Apr. | May.| June.| July.| Aug.| Sept.| Oct. | Nov.| Dec. 


Days available..........-.-- 3 3 10 16 19 21 22 22 21 17 14 
Hours in workday...--...-- Lag 7 


These figures were the averages of 195 farmers’ estimates. The 
farmer was asked to give the average number of days actually available 
for field work each month, after deducting Sundays, rainy days, and 
days when the condition of the soil would prevent field operations. 
Plowing is sometimes done in December and March, but the figures in 
those months include also the time spent in hauling manure. An 
average of three days each for January and February also represents 
time spent in the same work. 


TaBLeE IT.— Number of days (exclusive of rainy days and Sundays) available for the several 
' field operations. 


Timothy 
Operation. Corn. Oats. |Potatoes.| Wheat. and 
clover. 


Days. Days. Days. Days. Days. Days. 
Preparation and seeding. .....-.-....-.--- 30 15 16 32 259 
Cultivatiowsss- 5. t ce ee i Se Se PAM ewe. Pa TS linens Pp Ps iege arae ts OND ae 
RAAT VESPIDIE ee hace eae Sete ite ates 31 115 15 | 110 | 16 8 


1 This does not include thrashing which is hired done. 
2 Includes seeding clover and timothy in August, or timothy alone with wheat. In the latter case clover 
is seeded Apr. 1 to 18 following. 

Table II gives the average number of days that labor can be per- 
formed in the field after deducting Sundays, rainy days, and days when 
the soil is unfit to cultivate, and the period of seeding, cultivating 
and harvesting of six of the principal crops in this region. 

The application of these data will be made when it is necessary to 
determine whether it is possible to prepare the field, plant, cultivate, 
or harvest certain acreages of crops with a given field force. The 
preparation for corn, oats, and potatoes to a certain extent overlaps, 
and the farmer not infrequently plans for a greater acreage than can 
be planted within the limits of successful crop production. Moreover, 
in the case of a late spring, it is important to figure on the extra labor 
necessary to carry out the cropping plan or else reduce the acreage of 
these crops within the limits of the regular farm labor. 


\ 
PERIOD OF PERFORMING FIELD OPERATIONS. 
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There is a considerable variation in the length of season for doing 
various farm operations, according to the 165 labor records, yet the 
average of these data obtained and charted is not far from the actual 
period in which most of the farmers perform these operations; at 
least it is sufficiently accurate to use as a guide in planning the cropping 
system. Figure 1 gives the period of performance of the various farm 
operations for corn, potatoes, oats, wheat, clover and timothy, and 
alfalfa. 

SUCCESSION OF OPERATIONS. 


Before any plan can be worked out showing the labor requirements 
and the general distribution of labor, the succession of farm opera- 
tions with any crop must be known. The aim has been to standard- 
ize the field operations and arrange them in the order in which they 
are usually performed. There is considerable variation even among 
the more successful farmers in the manner of preparing the ground 
and handling the crop. The outline which follows gives the order 
which the greatest number of these farmers follow, with the impor- 
tant variations. 

CORN. 


(1) Manuring.—On sod, August to December; on stubble, early spring; 12 tons to 
acre. (2) Plowing.—Generally in spring; 12 or 14 inches, walking plow. (8) Rolling 
or planking.—Immediately after plowing. (4) Harrowing.—Majority use 4-horse 
double disk, working once each way, following with spring-tooth or spike-tooth harrow. 
Forty-five per cent of these farmers use spring-tooth harrow only, harrowing two to 
four times in different directions. (5) Drilling fertilizer—With grain drill. (6) Roll- 
ing or planking. (7) Planting.—With two-row planter. (8) Weeding.—Spike-tooth 
harrow used before regular cultivation begins. (9) Cultivating —Usually four times 
with 2-horse and once with l-horse. (10) Cutting and shocking. —By hand, 36 hills to 
shock, binder used occasionally for silage corn. (11) Husking and hauling. (12) 
Hauling stalks. j 


POTATOES. 


(1) Manuring.—Late fall, winter, or early spring. (2) Plowing.—In spring; 12 to 
14 inches, walking plow. (3) Rolling or planking.—Following plowing. (4) Harrow- 
ing.—Disk used by 57 per cent of 33 farmers, from whom records were obtained, 
followed by spike-tooth or spring-tooth harrow; remainder use spring-tooth harrow 
only, working two or three times. (5) Planting.—Few of these farmers plant by hand. 
(6) Weeding.—With spike-tooth harrow, working twice. (7) Cultivation.—Four or 
five times with riding cultivator. (8) Spraying.—One to three times for potato beetles; 
few spray for blight. (9) Digging, picking, and hauling.—Many use potato plow type 
of digger; potatoes usually stored in cellar. 


OATS. 


(1) Plowing.—Usually in spring, sometimes the fall before (oat ground is always 
plowed). (2) Rolling.—After plowing; sometimes before seeding. (3) Harrowing.— 
Spring-tooth harrow generally used by these farmers, working the field twice. (4) 
Seeding.—With 6 to 10 foot drill. (5) Cutting, shocking, and hauling. (6) Thrashing. 
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Fic. 1.—Periods of performance of farm operations (Chester County, Pa.). The full line represents the 
period when most of.the farmers perform these operations, and the dotted line gives the range within 
which these operations may be performed. 
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WHEAT. 


(1) Plowing.—Oat stubble, soon after harvesting, land allowed to lie fallow until 
about October 1; when wheat follows potatoes or corn the ground is plowed (sometimes 
only disked) immediately after the harvesting of those crops. (2) Rolling or plank- 
ing.—After plowing, sometimes also before seeding. (3) Harrowing.—Majority of the 
farmers visited use disk followed by spring-tooth or spike-tooth harrow; many use 
spring-tooth harrow only, working two or three times; when disk is used instead of 
plow, the ground is worked four to six times. (4) Seeding.—With drill. (5) Harvest- 
ing.—With 3-horse 6-foot binder. (6) Hauling—To stack ormow. (7) Thrashing.— 
Done at barn, occasionally in the field. 


TIMOTHY AND CLOVER. 


(1) Manuring.—As top dressing on sod, in fall or winter; on new seeding, in summer. 
(2) Plowing.—Often soon after wheat harvest. (3) Rolling or planking.—After plow- 
ing; sometimes again before seeding. (4) Harrowing.—Nearly 50 per cent of the farm- 
ers visited use disk, followed by spike-tooth harrow; many use spring-tooth harrow 
only; a few use disk followed by spring-tooth harrow. (5) Liming.—Usually after 
wheat harvest when the land is prepared and seeded in August. (6) Seeding.—Timo- 
thy is seeded with wheat, and clover the following April; about 23 per cent prepare 
wheat stubble and seed in August. (7) Harvesting.—With 5-foot mower; hay fork is 
used and hay loader frequently. 


ALFALFA. 


(1) Manuring.—About 12 tons per acre as a top dressing or at seeding of previous 
crop. (2) Plowing.—Disk gaining in favor. (3) Rolling or planking.—Immediately 
after plowing; again between harrowings and often after seeding. (4) Harrowing.— 
Disk is generally used by these farmers, working twice after plowing; double disk 
three to six times when plow is not used; spring-tooth harrow sometimes follows disk- 
ing, but more often follows plowing without disking. (5) Liming.—With the distrib- 
utor,except in a fewinstances. (6) Inoculation. (7) Seeding.—With drill or wheel- 
barrow seeder, 20 to 25 pounds per acre. (8) Cutting. (9) Tedding.—Tedder not 
always used when followed by side-delivery rake. (10) Raking.—Side-delivery rake 
generally used; some of the smaller farms use a dumprake. (11) Cocking.—Immedi- 
ately after raking when the hay is to be protected with hay caps; in this case hay 
standsin cock for one to three days and isopened up two hours before hauling. (12) Haul- 
ing.—Where a loader is used the hay is picked up from the windrow. (13) Top dress- 
ing.—Manure sometimes applied in fall; fertilizer in early spring or immediately after 
first or second cutting. (14) Harrowing.—Disk or special sharp-pointed spring-tooth 
harrow often used after cutting, to eradicate blue grass and weeds. 


CREWS AND MACHINERY.! 


In order to determine the amount of labor in man-days and horse- 
days necessary to perform any operation, it is necessary to know the 
crew, that is, the number of men and horses, the number of acres 
covered in a 10-hour day, or the number of tons or loads handled in 
the same period of time, and the average length of the work day. If 
these data are in tons or loads, by knowing the capacity of the wagon, 
the rate of application, and the yield of crop, the acreage covered can 
be obtained. From these data the day’s work per acre for man or 
horse can be determined. 


1See U. S. Department Bulletin No. 3, A Normal Day’s Work for Various Farm Operations. 
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Tae III.—Crews and duty of machinery in plowing and preparation of soil (average of 
165 


farms). 
Crew. Days per acre. 
INGE pear 
Operation. beep 10-hour day. | 9-hour day. 
Men.| Horses.| ay. _ 
Man.| Horse. | Man.| Horse. 

Manuring,! 12 loads, 14.4 tons.................- egal 2 1.44 | 0.7 1.40 |.0.77 1.54 
Manuring,! 14 loads, 16.8 tons...............-....- 2 2 1.68 | 1.19 1.19 | 1.50 1.50 
Manuring,? 14 loads, 16.8 tons.................-..- 3 2 1.68 | 1.79 1.19 | 2.25 1.50 
Plowing, 14-inch walking plow...................- 1 2 1.80 55 1.10] .62 1.24 
Plowing, 2- plow, 22 inch. 2. ee ee 1 4 3. 60 28 1A t= 28 1.11 
Rolling ,? 9-foot to 12-foot width................... 1 2 15.00] .07 -14] .07 -14 
Disk harrowing (single).........-...-------.------ 1 2 9.10} .11 -22} .12 - 24 
Disk lapping half (single)................../..---- 1 2 4.50 | .22 44] .25 -50 
Disk harrowing (double)............--.-----.----- 1 4 9.50) .11 44 12 -48 
Spring-tooth harrowing..........--.-------------- 1 2 10.00} .10 -20) .11 -22 
Spike-tooth harrowing.......-..-----.------------ 1 2 12.00} .08 -16 09 -18 
Spike-tooth harrowing........-.--.--------------- 1 3 13.50 | .07 -22| .08 - 24 
Distributing lime 4 (machine).........---....--...- 1 2 10.50} .09 .18 11 Aer) 
Hauling lime to spreader.........--....-.-.------ 1 2|12loads. | .09 -18 11 . 22 
Drilling fertiliver:s Joes) hes b enc cat ose eee ee ee 1 2 8.00 12 - 24 14 - 28 


1 With manure spreader, 10 tons per acre. 
2 Spread by hand. 
3 A plank drag is often used instead ofa roller with the same duty per acre. 
4 On the basis of 13 tons per acre. ; 

Table III gives crews and duty of machinery as the average on 165 
farms for plowing and preparation of seed bed for the principal crops 
of the region. By duty of machinery is meant the amount of work 
accomplished in a day. For example, one man with a 14-inch plow 
and two horses will plow on an average 1.8 acres of land. Dividing 
1, or the number of men, by 1.8, the result will be 0.55, which means. 
that it takes 0.55 of a 10-hour day, or 5.5 hours, for one man with a 
team to plow an acre. In the same way, dividing 2, or the number 
of horses, by 1.8, or the acreage plowed in one day, the result is 1.1, | 
which means that it requires 1.1: days, or 11 horse-hours, to plow an 
acre. ‘This is expressed in horse-days, or a fraction of a horse-day, 
rather than team-days, in order to have the figures on a uniform 
basis, as a crew may be made up of two or more horses. In the same 
manner, the day’s labor per acre is given for the average length of day 
devoted to field work in that region, which is 9 hours per day, except 
in July during harvest, when full time is made. 

In hauling manure with a crew of one man and two horses, or two 
men and two horses, a manure spreader was used. The second man 
in this case helped load and did not make full time, but the day was 
so broken that very little other work could be accomplished. In the 
case of a crew of three men with two horses, two wagons were used, 
one man loading and two men spreading by hand. 

The figures for plowing include both sod and stubble, hence for 
sod the acreage plowed will be a little less and for stubble land 
slightly greater than the average. Very inconclusive data were 
obtained on the working of the 2-gang plow, as only a few are in 
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use. It is quite possible also that the acreage plowed in July and 
August, when the ground is dry and compact, will be less than the 
figures given. 

The average disk harrow has usually 12 disks in the single and 
24 disks in the double acting harrow, from 14 to 16 inches in diam- 
eter, with a cutting surface about 8 feet wide. The spike-tooth 
harrow is usually 2 to 3 section, with a cutting surface of from 8 
to 12 feet, and the spring tooth has a cutting surface of from 6 to 
8 feet in width. The plank drag is usually made with three planks 
overlapping, and the man usually rides. Following a deep-working 
_ harrow the drag is an excellent tool for leveling and breaking clods. 


TABLE 1V.—Crews and duty of machinery in cultivating and harvesting corn (average of 


24 farms). 
Crew. Days per acre. 
Acres 
covered 
Operation. , in 10-hour day. | 9-hour day. 


Men. | Horses.| Men. |Horses. 


Planting (2-row machine).....-...-...-.---------- 1 2 10. 50 
AV ofaya ba Fee StS epee ene 1 1 18. 00 
Npike-Loothiharrow.s.< 223.08 ee 1 2 13. 00 
Galvivestan epee ee eel Ne Oa ee Ne oer en eS 1 2 7.70 
Cate 
DO-puUshelsyieldseeee ao! ja. 2 2. Du See ee | 1 0 1.25 
G0=80-pushell yield sis o05 te ea eae te 1 0 il: 
Soibusbelsiand Overs4- 30 55-6 S see eee. 1 0 “ 
Husking: 
WO-bushelkyield 22.3 jbo see os ee ele 1 0 3 
60=s0-bushelivields so.8 0 8.2). bes. besa Sse iL 0 é 
8O\bushels and Over_..-22.5.-2:-24-)-222-$ 22222 1 0 s 
EI AMIN penne Sea sec ee ke ents ee ee 1 2 2. 
DOE ARS eee ss kai Osa ae tot Use ilar 2 2 3. 
PEP AUILEH PISbAl Gee ee ee bee ee wee dees Ly 2 2 5. 
TD ay Ss crete 2k ae ge ee ee ee ee LT 3 2 6. 
Filling silo: 2 5 
Cutting by hand and loading..........-.....- 6 0 
atin cio cutters 22 yeaa ee Bo 4 8 
Hedin ene CUtben sss). ee es ee Ls ia 1 0 4.00 | 3.50 
Sfonmmenmisilow esas eee se eae ae. 8) 2 0 
RunMNPeneine aso. ee ee eee 1 0) 
1 This operation is usually performed 4 times. 2 Average yield of silage corn, 12 tons per acre. 


Table IV gives crews and duty of machinery as the average on 24 
farms for planting, cultivating, and harvesting corn. Planting is 
usually done with a 2-row planter. The figures used do not include 
the drilling of fertilizer in the row at the time of planting, which 
consumes extra time, and allowance should be made in the acreage 
planted where fertilizer is applied. The figures for spike harrowing 
in this table are for harrowing after planting. 

Field corn is usually checked 34 feet each way by most of these 
farmers, though a number of good corn growers are planting in drills. 
Silage corn is planted either in drills or in hills. No figures were 
obtained for hand planting, as the 2-row planter is universally used. 
Corn is cut and shocked by hand except where it is to be put in the 
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silo. “Horses” or “gallows” for supporting each shock, which are 
made by tying the tops of four hills, are often made a number of days 
before cutting, if there is any danger of the corn blowing over. 

The figures for filling the silo are for a large crew that will keep 
a 16-inch cutter continuously running. Smaller crews often are 
used to advantage, however. Where a small crew is used, three 
men cut and load the corn without dropping it in bundles on the 
ground. Three teams are required. At any given time one will 
be loading, one unloading, and the third on the road. In unloading, 
the drivers hand directly to the feeder. No extra man need be em- 
ployed where a gasoline engine is used. It will be of advantage 
to keep two men in the silo. Altogether the crew will consist of 
nine men and six horses, and the day’s work per acre, when 2} 
acres are cut per day, will be 4 man-days and 2.66 horse-days. Four 
teams will be required for long hauls. 


TABLE V.—Crews and duty of machinery in planting, cultivating, and harvesting potatoes 
(average of 33 farms). 


Crew. Days per acre. 
Sa oo ACERS 
Operation. coveted 10-hour day. | 9-hour day. 
Men. | Horses.| hour day.|—__——__ 

Men. | Horses.| Men. | Horses. 
Cuttingiseed, 15 bushels. ..).2 222 222.243. 2. eee 1 0 1.00 | 1.00 |........ a ae ae 

Planting plowed ine) ici. ieee ee 3 2 2.50 | 1.20 0.80 | 1.33 0. 
Pldnting picker type 2 oa... 22g. 2) eee sweden 1 2 4.00 25 -50} .28 56 
Pid Cini po-MIa tY Ne | oe ie ee eee ale eee 2 2 3. 50 Bye 57 | .63 63 
SpHikée-tooth harrowing! 2. 32 eye ee 1 2 13.00 08 -16 | .08 16 
CCOINE Scie wisn ose o sete yee so = Bo tip soca ee 1 1 18. 00 05 -05 | .06 12 

cltivatinp.: sok ble ee oy oe eee if 1 4.00 25 -25-| .28 é 
Cultivatin pieiib Te SE ee Ss ae eee es sash boc ose 2: 1 2 6.10 | .16 32.) .18 36 
Sprayane (quid) KATOWS. fo ee. eee ee 1 1 15.00} .06 -06 | .07 14 
Digging with elevator..........-.. AMS SE ec). Ses 1 4 3.50 | .31 1.26 | .32 1, 28 
Digging with potato plow...............---- Spe 1 2 3.00 | .33 -66 | .37 74 
Picking up and bagging!..............--.-..----- 1 0 5072.00 }..-..-.6 02 
Mannie to collars. So 5 ee 2 2 3.70] . ‘ - 60 
Sorting and bagging in cellar......... ps See a 2 1 0 © 80) 1.30) | sees AON oes... 
Hauling to market, 2 miles............-..-.-.---- 1 2 1.20} .83 1.66} .93 1.86 

1 Average yield from 120 to 130 bushels. 2 9 loads of 50 bushels each. 


Table V gives the crews and duty of machinery as the average 
on 33 farms for planting, cultivating, and harvesting potatoes. The 
potato planter is used by most of these farmers, but small areas are 
often planted by hand. These are of two types, the so-called picker 
machine, and the machine where a second man sits behind and 
regulates the dropping. 

On small areas Paris green, mixed with plaster, is ordinarily used 
for beetles, but where 4 acres or more are planted, a liquid sprayer 
applies Paris green or arsenate of lead. A few farmers are spraying 
for blight. 
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Digging is done with a potato plow or other digging implement. 
One man can pick up in barrels or bags behind an elevator digger, on 
a field free from weeds yielding about 200 bushels per acre, about 100 
bushels a day. Under Chester County conditions, however, and 
particularly after a potato-plow type of digger, 60 to 75 bushels is 
an average day’s work. A few farmers sell immediately after digging, 
but the greater number store their potatoes and wait for a special 
market. 


TaBLE VI.—Crews and duty of machinery in seeding and harvesting oats (average of 19 


farms). 
Crew. Days per acre. 
DOT OS ON 
Operation. aaa 10-hour day. | 9-hour day. 


Men. |Horses.| ay. 
Man. | Horse. | Man. | Horse. 


SCC CLRTT a ti LN NS I ie te al ae 1 2 9.50 | 0.11 0. 22 | 0.12 0. 24 
Cutting, binder 6-foot cut.............--.--------- 1 2 9.00 TT UR ae 1 Nea POI IG 
2! DDS SOB SOS ERI RUST Eaten MeIan ene ananers Ge one ata 1 3 10.80 | .09 2 | eyes lice raises 
SOC itl oe IRC AN aS RDM NW Fale 1 0 GLOOM i eggs |e ears Hise ap se yall enn 
fawlinewtoybarn bso) 23 eke ce ecb e ee 2 2 6.00] .34 Bey See ceaibserys ela 
DO) SOAS RETO GH BEC Se rae Seperate PE PIE ARIS Ale 3 2 6.50} .46 SOON eee c ee 


1 All the farmers visited hire thrashing done at from 2 cents to 3 cents per bushel, furnishing fuel and 
board for the hands. Three to five men in addition are often furnished. 


Table VI gives the crews and duty of machinery as the average 
on 19 farms for seeding and harvesting oats.1 


TasBLe VII.—Crews and duty of machinery in seeding and harvesting wheat (average of 83 


farms). 
Crew. Days per acre. 
Acres) — 
Operation. ears. 10-hour day. | 9-hour day. 


Man. | Horse. day. 
Man. | Horse. | Man.} Horse. 


Seeding 6 to 8 foot drill! .........--.--...----.--- 1 2 9.50 | 0.11 0. 22 | 0.12 0. 24 
Cutting, binder 6-foot cut.............--.---.----- 1 3 10.00 | .10 myers cet | eats 
SUC Kam pre aes Ean OE ee ee a as 1 0 fait {0 i Wiieesa es ol bapa eri ad aeons 
Hauling to barn. ..........--.-- Peet st as apegeg Te 2 2 5.30 | .36 365 Posieos lees 
Hating to Darn. 222s fee os Tee 3 2 5.75 | .51 Sa eee a 


1 Timothy can be seeded at the same time that the wheat is drilled, at no extra labor expense. 
2 All these farmers hire thrashing done'at 4 to 5 cents per bushel, furnishing fuel'and board for the hands. 
Three to five men in addition are often furnished. 
Table VII gives the crews and duty of machinery as the average 
on 33 farms for seeding and harvesting wheat. In most cases the 
wheat is hauled to the barn and thrashed whenever it is convenient 


1 Some of the farmers in this region who were visited expressed their opinion that oats were unprofitable 
anda numberof farmers are substituting soy beansfor this crop. However, as but few farmers are growing 
soy. beans, the data obtained were insufficient to present as an average for this crop. The figures given 
for preparation of land will apply for soy beans. When the crop is planted in rows the acreage planted 
per'day will be'greater than for potatoes and less than for corn. The figures given for wheat will apply 
to soy beans when this crop is drilled broadcast. In harvesting for hay, labor requirements about equal 
those given for alfalfa. 
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to obtain thrashers. .A few are thrashing from the shock, and this 
is possible except in very unfavorable seasons. 


TasLe VIII.—Crews and duty of machinery in seeding and harvesting timothy and clover 
(average of 38 farms). 


Crew. Days per acre. 
Raa | CS 
Operation. coerae 10-hour day. | 9-hour day. 


MEN Te Raastael | aay | 
Man. | Horse. | Man.| Horse. 


Seeding with wheat drill... 2.-.-.---..+.-.2-.-2-2- 1 2 10.60 | 0.09 0.18 | 0.10 0. 20 
Clover seeding (wheelbarrow)..............------- 1 0 LONGO) O50) 220 eee S(03), ere aie 
Mowing, 5-fo0t Cute oe nee Rae il 2 9.50 |’ .10 PAU et Gl kee eo 
Tedding, 6 to 8 feet wide...........-..-.-.-.--.--- tp} 2 14.50 | .07 Oe a aa) A a 
Raking, dump rake 8 to 10 feet wide.-..-..------- 1 2 17.00 | .06 oH oa i] ea 
Raking, side-delivery rake.........--------------- 1 2 16.00 | .06 | Ln | iseeell ited 2 
ipplbiatedivelait| (LAER SOs eee oe abe auine Sebo me gomedia: 1 0 BAO) | ove Bete | Si Te ees ae 
Loading, hauling, and storing:! | 

Siloads 1s tons yieldeus: 222622. 2. a ee a 3 | 2 5.50 | .54 BGy ous osha ts 

12)loads, 14 tons yield.e ee oo) oo cae es eee 4 | 4 8.50} .47 Arh eyebtal elu pe en 

iSiloads; 1} tons yields se ee 5 | 4 9.00) .55 1 a aie nes ee 


ace by hand, unloaded with fork. The results will be somewhat increased by the use of a hay 
oader. : ; 


Table VIII gives the crews and duty of machinery as the average 
on 38 farms for seeding and harvesting timothy and clover. The 
figures given for broadcasting with a wheelbarrow seeder are for 
using the seeder one way. Where one-half of the seed is drilled in 
one direction and one-half broadcasted in a cross direction, simply 


add the work units for seeding with drill and seeding with a wheel- 
barrow seeder. 


Very few mowing machines wider than a 5-foot cut are used for 
the ordinary hay crop. The tedder is usually used for clover or for 
heavy timothy and mixed grasses. Both the dump and side-delivery 
rakes are used, but the latter is generally preferred. This implement 
is especially necessary if the hay is loaded with a loader from the 
windrow. The side-delivery rake will, furthermore, quite largely 
take the place of the tedder. The figures given for loading, hauling, 
and storing are based on pitching in the fields by hand and un- 
loading in the barn with a horse fork or sling. Insufficient data 
were obtained on the use of a hay loader, but there is little doubt 
that in favorable weather the hay loader would be of decided advan- 
tage, particularly with timothy or mixed grasses. 

Table IX gives the crews and duty of machinery as the average on 
18 farms in seeding and harvesting alfalfa. Alfalfa is a compara- 
tively new crop in Chester County, but a few successful growers 
were interviewed, from whom data were obtained. Inoculation has 
been done by applying soil from an old alfalfa field at the rate of 
300 or more pounds per acre. Recently commercial cultures have 
been introduced. While the cost of these cultures usually exceeds 
the cost of applying soil, the convenience of handling is an important 
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factor. Cultures can be applied at no extra labor expense other 
than is required in the application to the seed. 


TABLE 1X.—Crews and duty of machinery in seeding and harvesting alfalfa (average of 18 


farms). 
Crew. Days per acre. 
| Aeres |- 
Operation. eryered, 10-hour day. | 9-hour day. 


Men.| Horses.| day. |————__— 
Man.| Horse. | Man.| Horse. 


inoculating with sods se. 6s sol205 22. 2 eh bcs. 


1 2 12.00 | 0.08 0.16 | 0.09 0.18 
Prillingiseedialone si) 72a! veh a Se ee 1 2 14.30] .07 1 08 16 
Seeding (wheelbarrow machine)!...............-.- 1 0 OED LO emcee AG nee 
Mowing, 5-foot cut machine?.............--.----- 1 2 10.00] .10 20} .11 ne, 
Mowing, 8-foot cut machine..............-.-.----- 1 2 15.00} .07 -14) .07 -14 
PROGGIH ERP Soe eee ees ou Se 1 2 14. 50 07 14] .07 14 
iNakinee dump rakes 2 ol oo 225222282 2e eee. eee eee: 1 2 17.00 06 12] .06 12 
Raking, side delivery........-------------++---++2- 1 2 10. 00 06 S12 a 207, 14 
ec Recep ae RE INE TGS SN es aN 1 0 G00) | t Tense a5 Ts) Mite 
WARE eee eee Cee ae DU Uhr abe 1 1 20.00 05 05] .05 05 
Loading, hauling, and storing:3 
10 loads, 14-2 tons yield.........-...-.-.------ 3 2 5. 50 54 36] .58 39 
15 loads, 14-2 tons yield... oe 4 4 8.50 48 48} .50 -50 
16 loads, 14-2 tons yield... .- 5 4 9.00 55 44] .60 48 


1 One-half of the seed sown lengthwise, the remainder town crosswise. 

2This record is for the first cutting. Three cuttings are usually made, but the second and third 
cuttings are lighter, and will require less labor. 
i 3 aeaded by hand and unloaded with fork. The results will be somewhat reduced by using a hay 
oader. 

When hay caps are used, a cap 50 to 54 inches square, of light- 
weight canvas, is used. These may be weighted at their corners 
with stones or cement weights, or the cap may be fastened on the 
hay with wire pins. It is more convenient usually to distribute caps 


from a spring wagon or one-horse cart. 


SUMMARY OF LABOR REQUIREMENTS OF CROPS. 


In making use of the following figures on man and horse labor for 
the several operations in crop production, it is well to bear in mind 
that the data from which this tabulation was taken were collected 
from 165 farmers above the average of the county in progressiveness, 
receiving considerably more than the average net income. These 
men followed successful methods of soil and crop management, and 
in most cases laid emphasis on the careful preparation of the soil 
and careful cultivation. In some cases the number of hours per 
acre is greater than in some other regions... They are, however, a 
good guide in estimating labor in this region or other regions having 
similar conditions. These summary figures are based on the prac- 
tice of the majority of the farmers, as averaged in the preceding 
tables. Hence, for any individual case where a system of farm 
practice is followed differing from that outlined, the labor require- 
ments can be revised and worked out from Tables ITI to IX. 


1 See “Farm Management,” by Prof. G. F. Warren, of the College of Agriculture, Ithaca, N. Y. 
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FIELD OPERATIONS AND LABOR REQUIREMENTS (165 FARMS). 


Hours of labor per acre, 


Corn (for grain): Man labor. Horse labor. 
Manuring....... Sel SG lg Sve See een om chee eae ee Le 9 TIN9 
PLO WATE ee iets eee ec CRN Ae 5. 5 11.0 
Rolline 2 times: oo 2202 eis 2 os ee 1.4 2 GR 
Duskine Se mmesir is ee a De few ka oie ba Eee Se 2.2 8.6 
Spike-tooth harrowing, 2 times... 2.42). 22 ee 1.6 3.0 
Drdline fertilizers! 222k 222 eben eae 2.4 
Seeding. oct EN Ea RS ee that 2.1 
Oultivating. oooh. oo ld ee 5H) 10. 4 
Cutting, .70-bushell yield ii.) 6.1.2. . J) 8. ee 10.0 
Husking, 70-bushel yield. 22... 2002-. /s..2 2025 2S eee 19.0 Be: 
Hauling prain.. osc.) 2 faeces ee 6.2 6. 2 
Haalinestalkss ier es Uo ute ie A Sei ela a ae 4.0 4.0 

69.3 62. 4 

Corn (for silage): 

Preparation, seeding, and cultivation..............-.-----.-.-. 30.1 BVA 
Harvesting and: fillimp,silot: 0 20 20 a ae Se ee 35. 0 20. G 
65. 1 72.2 

Potatoes: 

Manuring: oo.) oes yes ee 119. 11.'9 
PHO WING eehsis ech A oe ie re 5. 5 11.0 
Rolling, 2 timese. 2) 2. sed £5... Bees Vie 1.4 2.8 
Disking) "2 times! 6.352. li) et eee eae ae, 8.8 
Spike-tooth ‘harrowing, 3 times:...)... 2.2.2.0). 0) ee 2. 4 4.8 
Guitting seed.) 6. 24h WS 2 eee Se re ea 10.0 wes 
Planting. 22202 )000 252 fg SER, 4.1 5.3 
Cultivating, 5 times. 2.302225. 4055.82 2) eee 8.0 16.0 
Spraying foribugs, 2 times: 2) )L005 5 a. eR es 1.2 1.2 
Dipeine,. sce oO a als ee 3.2 9.6 
Picking up‘and bagging. 012.0 2.0 So PS eee 20.0 Sate 
Haulinpiand storing...) 09). 2292 0.22 ee eee ca 5.4 5.4 
Miweobemeys 35-0 4 sil. ede Sele aie abl ve ddecd nes see eens 16. 6 

96. 6 93. 4 

Oats: 

Plowing <3 obdcis.0)2 easiie eo ky... eee 5.5 11.0 
Rolling, 12. tiakeh 2.2 se... Yo als oS eh ie ale 1.4 2.8 
Spring-tooth harrowing, 2 times......-......-.- ab te apa ee 2.0 4.0 
Seeding. acs ie ke ais + ee PU ene = cle ee Oe ae ie Or? 
mts te Be Ses S22 AES Do 9 2.7 
Shveking?. i si20./09 Bo OV a hie Austere eee LZ Speed 
Hauling to barn..... Beye oie == <i i ea) ae 3.4 3.4 
Thrashine—hired done by contract:.......--. 525 /cs-s22 eee ene 

16. 0 26.1 
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Field operations and labor requirements (165 farms)—Continued. 


Hours of labor per acre. 


Wheat: Man labor. Horse labor. 
BRP Re y ahed a ls aed SER yststedl « 5.5 11.0 
ToS V2) GIT GASSES a A 1.4 ear ats: 
IDOE SITE EAT ROOT Yep MI SRR 0) SUS Ca AMIS nC ane MoM ret 2.2 8.8 
Spike-tooth harrowing, 2 times............--....----+-+------ 2.0 4.0 
ACS TGLSILE = | Va a SR ne ORR Ph eye OW GENE r 1.8 3.6 
IBS TET. NU RIS Ua op ARTS ELT EE = Ee a PR ae 1.1 Pa 
STRUTCTORIES de LeIe nA A eR IO EDAD 1.0, 3.0 
“SLED UEHARA a Cp Va or aa 1.8 Behe 
ESV UNT EVES W)] OP HALO ole eae we A re ee a 3.6 3.6 
(hrashine—hired done by contract...... 2... 2.2 Ween sel ls ee nae 

20. 4 39. 0 

Clover and timothy: 

Seeding (seeded in August)— 
lO Mer sao ener err was. hse ee eR Ue Ua See 5.5 11.0 
Aelita pea 2) LIMINARY a 2.8 
TOSTRING 5 ARIEL CS APES a gE eg) ees A ecg a 1.1 4.3 
Spinge-tooth harroawime. 20022 2 ek BS A eee 1.0 2.0 
Spike-Loothyharrowine sees 20 2 oe a eet 8 1.6 
Seeding, wheelbarrow seeder........ ..-- RB esis guek 5 ap 

10.3 21.-7 

Seeded in wheat (timothy in fall)— 
Glewerseedingin springs: sy). eos: one reseeiece -s 2a 2 5 

Harvesting— 
Thong rare SS CER URES ON UIC en ct aT 1.0 2.0 
BE COUCIIET SE se A oe pa | a ly, ME St ud iG 1.4 
APReNGUIAS er LUNES a ee ois Mr SG op ens a etal 1.2 2.4 
REPT poaseyenc WE esis Wie mi UNE 2h! yaa Amen et A 1.8 Le 
Eoading shaulins Sand storing... 2000. ee 5. 4 3. 6 

10.1 9. 4 
Alfalfa: 

Seeding (after oats, wheat, or early potatoes)— 
WEST ghntegl “Wares ayaa a) Sd Re Oeeemna LTV m Com ale mnn Yay 5 11.9 11.9 
AE BLO MyRATY RE Sy a MMO shy ei agra tM Lk 5.5 11.0 
Rolling, 4 times........-... eo: BR eee ee aoc 2 Seeeemley es 2.8 5.6 
Hy rsket Oey) GIMES Es yee we ee aia 8 seamen NE! (ope 3.3 12.9 
Spike-tooth harrowing, 2 times........-... patie ate ee wae 1.6 3.2 
EAP eben ss ce kaa el te Mies: Sie Je keds 2hia 1.8 Se) 
Drithmesfertiizery Pel Ake. aac pyle ieee iy a aid Do key 2.4 
Applying inoculated soil........ Yat S eM Pan Miah atc St .8 1.6 
Drilling one-half the seed.............---------------++---- uve 1.4 
Cross seeding one-half the seed (wheelbarrow)...........-. 5 0 
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Field operations and labor requirements (165 farms)—Continued. 


Hours of labor per acre. 


First cutting— Man labor. Horse labor. 
Mowing, 5-foot cut machine...) 2. «22.2525 552450224 ease eee 1.0 2.0 
22: (01 11 eae ee MMB RMI CC a) ie eT id 1.4 
Rakine “2 times. eck ds ose 2. 4 
Cacking/and capping...0.25.0. 022... eee PLE 2 5 
Making over cocks and collecting caps.............---..-- GR ES 25 
Loading, hauline, and ‘storing: <..2..2.2.2 9252549 ese ae ee 5.4 

12 12.2 

Second or third cuttings— et an 
Mowimpes. foc. 2 5002 Sak a re ee ne 1.0 2.0 
Raking, 2.timese... 2. 2ec hese ek ea A oe ee ee 2.4 
Cockine'and capping: 252029221 17, .4 
Repiling and collecting caps. 2.422232: 225) eS aeen eee a3 -4 
Loading, hauling, and storing)... .2-...2.. ay eee 3.0 3.0 

8.2 8.2 

Harvesting (without using hay caps)— 

First cutting— 
Mowing, tedding, raking, and piling................... 5.7 8.4 
Loading, hauling, and storing: .2. 2-222 52- eee ee ee 5. 4 
11.1 13.8 


PART If. HOW TO USE THE FOREGOING DATA. 


In order to show the use of the data given in the preceding tables, 
they are applied in the following pages to a particular farm located 
in the area of the survey. | 


DESCRIPTION OF FARM SELECTED. 


Map A (fig. 2) shows the field divisions, the acreage of each, the 
location of farm roads and buildings, and the crops grown on the farm 
selected. The farm contains about 155 acres, of which 63 acres, or 
about 40 per cent, are in permanent bluegrass pasture. This is badly 
cut by a stream, and therefore is not strictly tillable. 

This farm in general is typical of the region, a large part of the 
income being derived from stock and stock products, mostly milk. 
The fact that alfalfa has been successfully grown was considered in 
the selection of this farm, as the growing of this crop is rapidly increas- 
ing in this county. 

Though the fields are unequally divided, rougly speaking, the fol- 
lowing rotation has been practiced: (1) Corn for grain; (2) corn for 
silage ; (3) wheat; (4) clover and timothy; (5) timothy, one and some- 
times two years. Recently alfalfa, 5 to 6 quarts per acre, has been 
added to the grass mixture. This requires that the grass be cut 
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PASTURE 


WHEAT 
SEEDED TO CLOVER 
TIMOTHY & ALFALFA 


ALFALFA 


TIMOTHY 


A.—Original plan of farm. 


344 
. TIMOTHY & ALFALFA 


CLOVER, TIMOTHY & ALFALFA 
TIMOTHY @ALFALFA 


CORN FOR SILAGE 
TIMOTHY 
& 


ALFALF: 
4 CORN FOR SILAGE 


CORN FOR GRAIN 


ALFALFA | CORN FOR GAAIN 


B.—Revised plan of farm. | 


Fie, 2.—Old farm layout compared with the new. 
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before the timothy heads have blossomed in order to harvest the 
alfalfa before it matures. In favorable seasons a second eutting of 
alfalfa mostly is harvested. Small or irregular fields are put into 
alfalfa. The area devoted to corn and hay is somewhat above the 
proportion of these crops on the average dairy farm in this region. 
This is due to the large number of live stock kept. 


DETERMINING LABOR REQUIREMENTS OF OLD SYSTEM. 


Table X gives the amount of man and horse labor required per 
acre for each month for the six crops grown on thisfarm. It is based 
upon the crew and work units as given in Tables III to IX, and also on 
the outline of the hours of labor required for the different operations. 
To find the total amount of labor required for any cropping system, 
multiply the figures given per acre in the above table by the number 
of acres of each crop to be grown. Assuming the acreage as given in 
map A (fig. 2), the total amount of man and horse labor on this farm 
will be distributed as shown in Table XI. 

Figure 3 (A) is.a graphic illustration of the time available and work 
to be done as given in Table XI. The area below the dotted line 
represents the available time each month for two men and a team of 
two horses and the shaded area the work that must be done. This 
chart shows the man-labor fairly well distributed in spring and early 
summer but not in late summer and fall. The increase of man-labor 
in June is due to the harvesting of the first crop of alfalfa and clover, 
and alfalfa and timothy mixture, which extends over into July. The 
increase of man-labor in July is due to the harvesting of wheat, the 
hauling of manure, and preliminary preparation of the ground for 
alfalfa and other new seedings, and in September to the extra labor 
required for cutting silage corn and corn harvested for grain. 

The horse-labor also is distributed unevenly, requiring much more 
in July and August than during any other part of the season. This 
is largely due to the fact that 12.8 acres of alfalfa and 13.2 acres of 
clover and timothy were prepared and seeded at this time, in addition 
to the cutting of clover and timothy for hay, second cutting of alfalfa, 
and the harvesting of 19.6 acres of wheat. This amount of July and 
August work is a little unusual for this farm, as it happened that 6.4 
acres of clover, alfalfa, and timothy required reseeding, and that 
about one-half more wheat was harvested than was seeded for the 
next year. When the fields are unequally divided, the amount of 
labor will always vary thus from year to year. 


1See U. S. Dept. Bulletin No, 341, ‘‘ Farm Management Practice in Chester County, Pa.’’ 
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When a type of general farming is followed which carries no animals 
except work stock, the horse-labor should run much more evenly 
than on a dairy farm. Data which have been obtained from these 
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Fic. 3.—Available time for two men and one 2-horse team compared with work that must be done (dotted line ,available time; shaded area, 


work to be done). 


farmers show that on a dairy farm, as a rule, at least 30 to 40 per cent 
of the total labor required will be work other than field operations. 
While it may appear that the man and horse labor is not well employed 
on this farm in April, May, and June, considerable labor always is 
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required at this season for repairs and improvements of fences, 
buildings, or implements, and the hauling of fertilizer, feed, and 
milk, which is not shown in this chart. 


REPLANNING CROPPING SYSTEM. 


After having studied this cropping system from the standpoint of 
labor, the next point is to consider whether or not the cropping 
system can be changed, either by rearranging the fields to establish a 
‘definite rotation, by rearranging the acreages of crops, or by the 
introduction of new crops to balance the months of very high labor 
requirement, so as to increase the net income of the farm. The 
effect on the income of the farmer is the primary point of view to be 
taken in replanning a farm, taking into consideration, of course, the 
maintenance of soil and equipment and the availability of labor. 
If extra horse or man labor can be obtained whenever necessary, a 
farmer may be justified in practically ignoring labor requirements 
and selecting those enterprises which are best adapted to the farm 
conditions. 

The layout of the farm in question was studied with a view to such 
rearrangement and a 7-year rotation was established as follows: 

. Corn for grain. 

. Corn (for grain, 7.1 acres; for silo, 2.7 acres.) 
. Corn for the silo. 

Wheat. 

. Clover, timothy, and alfalfa hay (2 cuttings). 
. Timothy and alfalfa hay (2 cuttings). 

. Timothy and alfalfa hay (mostly alfalfa). 


NOD OUR OD 


In contemplating a change in the cropping system the rotation 
must conform to the general layout of the farm. There are often 
conditions which prevent the readjustment of fields in the manner 
desired. Moreover, it is desirable to make changes that will require 
the least expense. The rotation outlined in the revised plan of this 
farm is not a rotation generally recommended for the average Chester 
County farm, but is suggested because it is best adapted to the 
existing field arrangement. Under ordinary farm practice, with 
clover one year, followed by timothy for one or two years, three years 
of corn in succession might have an influence to decrease crop yields. 
On this farm, however, the influence of an alfalfa sod supplemented 
by an application of manure to the corn crop will tend to increase, 
rather than decrease, crop yields. 

The principal crop area was divided into five fields of 9.8 acres 
each, a triangular field of 3.4 acres at the farther end of this tillable 
tract, and one field of 6.4 acres formerly in wheat seeded to alfalfa 
on the other side of the farm lane, making together 9.8 acres which 
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can be planted to the same crop. The seventh field to enter into the — 
rotation will be the 9.1-acre field, separated from the pasture area. 
In addition to the rotation area, 10.2 acres can be kept permanently 
in alfalfa and 9.5 acres in timothy, reseeding any portion when neces- 
sary by first planting corn for the silo, following with wheat. The 
9.5 acres of permanent timothy is a field that is irregularly shaped 
for cultivation, rather low, and best suited to this crop. 

The periods of harvesting corn for grain, for plowimg sod, and 
for hauling manure, have been varied (within the limits of possi- 
bility, however) from the outline given in Table X, in order to facili- 
tate labor. It was found that by increasing the acreage of field 
corn, and decreasing the acreage of alfalfa, the crops could be handled 
with about the same amount of labor, but that this labor would be 
much more evenly distributed throughout the season. 

Table XII gives the total amount of man and horse labor re- 
quired under the revised system. Because of the increased acreage 
of corn, a part of the labor for harvesting this crop was carried over 
into November, and the figures for this month also include the 
manuring and plowing of 9.8 acres of sod land to be planted to corn 
for grain the next season. The balance of the corn land to be planted 
for grain will be manured in February and the area for silage manured 
in March. 

The graphic illustration of the labor required in the replanned crop- 
ping system (fig. 3, B) shows a much more even seasonal distribution 
of horse labor. The greatest variation comes in June, which is due 
to the fact that the grass mixture contains alfalfa, which requires 
early harvesting. Because of the labor requirements in enterprises 
other than field crops, it is possible that four farm horses should be 
kept on this farm. By arranging the work and concentrating all 
efforts on the field crops during the month of June, it is probable that 
this harvesting can be done without hiring extra horse labor. When 
it is necessary to reseed the permanent alfalfa or timothy, the horse- 
labor for August will be greater than represented on the chart, but 
in no case greater than for June. 

The man-labor requirements for September and October are much 
greater than for any other month. This condidtion is hard to change. 
It may be possible, however, to lower the amount of man labor in 
September by the use of a corn harvester, and this can be done with- 
out radically changing the horse-labor distribution. It is compara- 
tively easy, furthermore, to hire extra labor in husking corn. If the 
farm help is needed in thrashing wheat, this operation could more 
advantageously be done in the month of August. 
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COMPARATIVE LABOR REQUIREMENTS. 


The calculated cost of man and horse labor required in field opera- 
tions for the cropping systems illustrated in figure 2 from March to 
November, inclusive, is as shown in Table XIII. 


TaBLe XIII.—Comparative labor requirements. 


ORIGINAL CROPPING SYSTEMS. 


Crop or operation. Acres. ee Eley Total. 

Orion PAINS 32. os a acee cones ck eek Sees ae eee eee 12.3} $119.33 $84. 42 $203. 75 
Cornfor’ Silage yas oso a ee re eee ean ee ae 12.3 112.10 97.69 209. 79 
OLALOOS Ss ha teoe esa eee. Sk eS Rae ee a ae 1.5 20. 29 15. 41 35. 70 
Harvesting mixed hay). 2255. Ss he ee ee 31.4 44. 40 32. 46 76. 86 
Harvesting alfalia hay. 62225025: 58h aces) eee, eee 10.6 42. 29 33. 35 75. 64 
Harvesting wheatsoe so 2:7 soit be oar ae Ee ai ey i ae 19.6 17.56 14. 23 31.79 
Seeding wheat 2725) Soe Re Se SE ats vce a 12:3 24.11 43. 84 67.95 
meadinp al ial fa 2 ike ee Ee ae est eis pe ca 12.8 53. 94 74.91 128.85 
Seeding clover, timothy, and alfalfa........................---- 13.2 19.04 31.51 50. 55 

Potala. 52. Soa ek 2k ans sea oa ee oc ae eee eo 427. 82 880. 88 

REVISED CROPPING SYSTEMS. 

Wamdorietane sd 22 cea Fee eh. So, 3c LORY Anil 16.9 | $163.96 | $115.99 $279. 95 
Condor silage 2 25 a) ane helo sree oe a OS ce ee 12.5 113. 93 99. 27 213. 20 
iarvesiing mixed hay lise eo alk a A a ee es a 38.3 87. 22 65. 56 152.78 
Harveshinmalialia Raye sss eiaseyes o1260) Sea RRR tA eae 5: Se loaaes 10.2 40. 70 32.09 72. 79 
HETVESLING WWNGAb 2 ote nae ees ee oe Soe eee oe ee 9.8 8.78 7faalt 15.89 
Seeding wheat. suelo eee ee baa ho 2 oo ol aie apr, kere ote penal 9.8 19. 21 34. 93 54.14 
Seeding clover, timothy, and alfalfa.............-...-..--.--.-- 9.8 14.13 23.39 37.52 
Topdressing timothy with manure...................-..-..-.-- 9.5 15. 82 12. 43 28. 25 
Topdressing alfalfa with fertilizer..........-...----.---.-------- 10.2 3.92 6.16 10. 08 

Total: 55/0 es ee 467. 67 396. 93 864. 60 


1 A second crop, mostly alfalfa, on 28.8 acres will be cut the second time. 


In the preceding table it is obvious that the changes in the cropping 
system can be made without increasing the cost of labor. The rear- 
rangement has increased the amount of man labor, but on the other 
hand decreased the amount of horse labor. The total cost of horse 


labor was decreased to the amount of $30.89, and the total labor, — 


$16.28. 
COMPARATIVE RETURNS. 


A comparison of the gross incomes from crops in the two cropping 
systems will give further light on the relative desirability of the two 
systems. The values assumed, based on the average yield of crops 
obtained by successful farmers in the locality and on market prices at 
the farm, are shown in Table XIV. 

Thus it will be seen that the revised system brings a gross income 
of more than $550 over that of the first system, while the total labor 
bill is at the same time reduced from $880.88 to $864.60.1 The saving 
in this case is not so much in amount of labor as in its utilization. 


1 It is impossible in this bulletin to work out all the factors which enter into the total cost of the crop. 
There is so much variation in the previous management of the soil, in the soil conditions in respect to the 
amounts of fertilizer used, the rental charge for land, the equipment charge and overhead charges, that 
these costs should be worked out for each individual case. 
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TABLE XIV.—Comparative returns. 


Gross income. 
1 rs Price per |— a 
Crop. Yield per acre. A 
unit. First Second 
system system. 
Corn for grain _....-| 70 bushels. ---- $0. 60 $516. 60 $709. 80 
Corn for silage Balt 2)FOuS see 4.00 590. 40 600. 00 
Corn stover......----. Bel 2 tonstee aes 4.00 98. 40 135. 20 
TPADVIR THORNS Oi Sa a EAP 125 bushels. -- . -60 112520) (Se aa 
Mixed hay, first cutting... .-.2-5. 22-52-25. 2c2 22. Zitonss ees 16. 00 1,004. 80 1, 225. 60 
Mixed hay, second cutting..........-...-.-.-.----- tony sss ASA OON eee ae ees 518. 40 
Maar aCignes =. e eee eee e ee oe. 3.5 tons......- 18.00 667. 80 642. 60 
VE GE ie Seek Gece ORIN SPE ee ea lee 25 bushels... - - -95 465. 50 232.75 
VAULTS, STEEN a a Aston sss wae 5. 00 98.00 49. 00 
“TP OTHED oy eit ACSA ERIE EPRI IEEE Hess | aaa Re ra eo AES Hane 3, 553. 70 4,113.35 


CONCLUSION. 


It is plain to be seen from this comparison that the consideration 
of the labor requirements of a farm in working out any plan of farm 
organization and carrying the plan into operation is not the least 
important factor in farm management. Too many times this matter 
has received very little attention, particularly with farmers with but 
little farm experience. A study of these questions gives a basis of 
increasing labor efficiency. The real object of this bulletin is not to 
show what the farmers in Chester County are doing, but to illustrate 
principles which may be applied anywhere in devising a cropping 
system for efficient utilization of labor. 
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INTRODUCTION. 


The distinguishing feature of farm-management investigations is 
the application of the inductive method of reasoning to farm prac- 
tice. In practically all farming communities can be found examples 
of successful and of unsuccessful farms. It is assumed that a careful 
analysis of the methods and business system of a large number of 
farmers, all working under essentially similar soil, climatic, and 
economic conditions, may be made to reveal the reasons for the suc- 
cess of one and the failure of another. The essential difference 
between the farm-management method and the laboratory method 
of investigation lies in the fact that the laboratory investigator varies 
his causes and studies the resulting variation in the effects produced. 
The farm-management investigator has his experimental results 
already produced for him. He merely collects the results of farm 
experience, arranges them in such manner as to display the varia- 
tions of a causal factor, and then studies the resulting variations in 
the effects produced. Suppose, for example, it is desired to know 
what degree of soil fertility will result in the greatest profit to the 
farmer under the conditions prevailing in a given locality. Having 
analyzed the business of a large number of farms in the locality, the 
farms are first grouped on the basis of their yields per acre, with 
enough farms in each group to give reliable averages. The average 
profit made by the farms in each group is then determined. Table I 

77589°—17 ‘ 
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shows this relation for a group of 378 farms in southeastern Penn- 
sylvania. The results indicate that under the conditions prevailing 
in this locality, and with the methods practiced by local farmers, 
the point of diminishing returns is reached when the yield on a given 
farm reaches about 40 per cent above the general average of the com- 
munity. Yields higher than this appear to be obtained at an ex- 
pense greater than the increase in income due to the increased yields. 
The figures would naturally differ for different regions. 


TABLE I.—Relation of crop yield to labor income. 


Groups of farms based on yield per acre. 


Average yields expressed in percentage of the com- 


PUTT WAV CLALC coe rer |aate sternal ase sin eae ata ure totaal tee 84 and 85-99 | 100-114 | 115-139 | 140 and 
less. over. 
Average labor income expressed in percentage of the 
COMMIT Yy AVeLage.. es kee es pene ae ee 49 74 108 153 | - 130 


HOW FARM RECORDS ARE OBTAINED. 


Knowledge of the details of farm practice and of the results arising 
from this practice may be obtained in two ways. First, careful 
records may be kept of the details of the farm work and the business 
transactions of the farmer. Second, such details may be obtained 
by interviewing farmers who give them as accurately as may be 
from memory, or from such desultory records as may have been made 
of the farm operations. The first of these methods involves years of 
labor and enormous expense; the second gives an enormous amount 
of data in a short while and at a nominal expense. The question is 
as to the relative accuracy of these two methods. 

When farm management investigations first began it was supposed 
that the only way to get at the facts of farm practice with a degree 
of accuracy sufficient for investigational purposes was by means of 
carefully made records. Accordingly, cost-accounting records were 
begun on a large number of farms. It was soon perceived, however, 
that the cost of such records and the time required for their accumu- 
lation were serious obstacles. Furthermore, practice differs so 
widely in different regions, on different farms in the same locality, 
and even on the same farm from year to year, that it would be an 
interminable task to collect sufficient data in this manner to solve 
the numerous problems which the study of farm practice had re- 
vealed. Because of the amount of time involved the results would 
frequently be out of date before the work could be finished. Finally 
it was decided to give the second method a trial. At first many 
students of farm management had misgivings as to the validity of 
data obtained from farmers who keep few or no records. Accord- 
ingly, in order to test this point a number of investigations were un- 


_ VALIDITY OF THE SURVEY METHOD OF RESEARCH. 3 


dertaken. These were of necessity limited to data which were either 
already available in reliable records or of which such records could 
be secured by instituting a system of cost accounting. The results of 
these investigations are given below. 


INVESTIGATIONS BY F. E. ROBERTSON. 


Where a community of farmers sell all their milk to local cream- 
eries it is possible. to get an accurate record from the creameries of 
the amount of milk sold by each patron and the receipts for the same. 
In a dairy community in southern New Hampshire 135 farmers were 
found who sold all their milk to local creameries. These farmers 
were asked to give an estimate of the amount received for milk dur- 
ing the preceding year. Many of them at first professed to be un- 


able to do this, but a little questioning as to the number of cows kept, © 


the amount of the monthly milk check, etc., finally elicited an esti- 
mate from each of them. Later the precise amounts were copied from 
the books at the creameries. The results are shown in Table II. The 
error in these estimates, taking all farms together, was $346, or 
slightly less than one-third of 1 per cent of the total. 


TABLE II.—Comparison of farmers’ estimates and creamery records of annual 
receipts for milk on 1385 New Hampshire dairy farms. 


Hsimateduvalie) or milk sold vallyfarm gies se ee ee oe $106, 183 


Actual value of milk sold, all farms_____ Papel ASE Ba Sa NEE uel 2 AAD a he 105, 837 
PE UeT i Gy Weg TTIR SETI EU Sees PN CS II oS a ak A MY eh Rt 346 


Before this investigation was finished it occurred to the investi- 
gator to include also the amount of milk sold. Accordingly, the 
remaining farmers, 79 in number, were asked to estimate this item. 
These farmers were in the habit of thinking in terms of dollars and 
cents but not in terms of pounds or gallons of milk. They found it 
more difficult to estimate quantity than value of milk sold. The 
results are given in Table III. In this casé the error in the total 
for all the farms was nine-tenths of 1 per cent. 


TABLE III.—Comparison of farmers’ estimates and creamery records of pounds 
of milk sold annually on 79 New Hampshire farms. 


Hstimated pounds of milk sold; all) farmg22 04 2b ee a eee 3, 518, 816 
Aciual pounds OL milk) soldj; all) farms = 20 eis Ce ee 8, 487, 320 
HELOrain, vestimeates/ (pounds) 22S Bee = ee ee ee ee Ee 31, 496 


INVESTIGATIONS BY A. D. MceNAIR. 


An investigation was made at Belton, 8. C., of the pounds of seed 
cotton per bale from estimates of seven farmers and from gin records 
of 400 bales. The average for the 400 bales, according to the gin 
records, was 1,362 pounds of seed cotton per bale. The average of 
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the seven farmers’ estimates was 1,369 pounds, the difference being 
about one-half of 1 per cent of the gin record. 

The same investigator obtained the percentage of lint to seed 
cotton from gin records of 1,192, bales of cotton at Atkins, Ark., and 
from farmers’ estimates on 151 bales in the same locality. According 
to the gin records, the average turnout of lint cotton was 32.5 per 
cent; the average of the farmers’ estimates was 33.1 per cent. He 
made a similar investigation at Dermott, Ark., the gin results being 
31.75 per cent (on 907 bales) and the farmers’ estimates being 31.2 
per cent (on 65 bales). 

Records kept on 15 farms in an Arkansas community on the 
amount of cotton picked per day per man gave an average of 140.4 
pounds. The average of the estimates of 50 farmers in the same 
locality was 140.3 pounds per day. | 

On 23 plantations in Coahoma County, Miss., on which were 
9,326 acres of share croppers’ cotton and 1,509 acres of share crop- 
pers’ corn, the number of days of labor on these crops as shown by 
planters’ estimates was 129,347. Each planter also estimated the 
number of days of “outside labor” performed, and this amounted 
to 14,018, or a grand total 143,365 days of labor for the share crop- 
pers and their families. On the same plantations each owner was 
asked to estimate the gross yearly value of the labor of the share 
croppers and their families, and the total for the 23 plantations.was 
$144,007. This sum of money is equal to a daily wage of $1.004 
for each of the 143,365 days of labor performed, which is a close 
_ approximation to the current wage of $1 per day. 

From the above data it appears that in the case of important items 
of the farmer’s business he has knowledge which is quite accurate. 
Matters of less importance are usually not kept in mind so ac- 
curately. In the matter of the amount of labor done in producing 
a crop, which involves a knowledge of an average day’s work at 
plowing, harrowing, seeding, cultivating, etc., the farmer’s knowledge 
is based on experience usually covering many years, and the 
answers he gives to such questions are averages rather than figures 
applicable to any one year. Because of differences in the preceding 
crop, amount of rainfall from year to year, variations in tempera- 
ture, etc., the work done on an acre of corn, for instance, may in any 
one year depart quite widely from the average. It is therefore im- 
possible to test adequately the accuracy of the farmer’s estimates of 
items of this character by comparison with actual records for any 
one year. 

In order to show the variations that may occur between estimates 
based on many years’ experience and accurate records for a single 
season, the following data relating to a group of 29 farms at Conway, 
Ark., are given. Each of these farmers was asked to estimate the 


VALIDITY OF THE SURVEY METHOD OF RESEARCH. 5 


amount of man and horse labor required by an acre of cotton and an 
acre of corn, in both cases up to the time the cultivation of the crop 
is finished. The questions asked the farmer related not to the total 
amount of this labor but to the various operations usually performed 
and rate of work per day for each operation. That is, the questions 
were asked, in the terms in which the farmer thinks. Later these 
same farmers were induced to keep accurate records of all the labor 
on their farms for a year. Table IV shows the results in com- 
parison. Because of the variation from year to year of the actual 
amount of work done per acre on a given crop even on the same farm 
it is impossible to tell whether the actual work done during the 
season for which records were made on these farms is more accurate 
than the farmers’ estimates. In any case the differences are seen to 
be relatively small when compared, for instance, with the differences 
in yield on duplicate plots in field experiments on the yield of crops. 


TABLE I1V.—Comparison of 29 farmers’ estimates with actual records for a 
single season of labor on cotton and corn to “ laying by.” 


Man-days per Horse-days per 
acre. acre. 
Crop. 
Ksti- 
mates. Records. 
(ORO wis oe SL SSIS aA a ae I Ae i 5. 76 6.05 
(CROTON  e 5. 22 6.39 


INVESTIGATIONS BY M. B. OATES. 


Investigations of a similar nature were conducted in northwestern 
Louisiana. The results are given in Table V. The figures given 
are averages of 10 records and 11 estimates on cotton, 13 records 
and 13 estimates on corn, and 11 records and 10 estimates on peanuts. 
Ordinarily these numbers are too small to give reliable averages, yet 
the agreement between estimates and records is fairly satisfactory. 


TABLE V.—Comparison of records and estimates of man and horse labor on 
cotton, corn, and peanuts in Louisiana. 


Man hours per acre. | Horse hours per acre. 


Crop. 
Estimates. | Records. | Estimates. | Records. 
(CLR OTS 3 Si SUN IS a Rela A area sete Ue a ee ee 47.0 47.7 34.9 
(CHOveT OY 3a bck MN NE EP Dp CL SY 32.3 27.2 38. 1 33. 1 
PEC ATULDL Seay aya ete ee ucen pe meres he iL Nid onl Ce IT 2 ee 23.1 29.4 30. 2 0. 0 


Estimates were also secured from 10 farmers of the number of 
days available for field work during the year. This number naturally 
varies with the character of the weather from year to year. Later 
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these same farmers kept records of the actual days available for such 
work on their farms for a year. Table VI gives a comparison of 
the estimate and the record on each of the 10 farms. 


TABLE VI.—Days per year available for field work. 


VARI NO aes er wee Ce RRR aL tite cian wile nue we cle 1 2 3 4 ig, 6 7 8 9 10 
By Tecord 53 f:*t etch we cat dee se oka ee eeu 225 | 208 | 220 | 215 | 203 | 207 | 205 | 202 | 212 218 
By VNOSUIMATO. Lene a tee ares seat Ce eS ce aaa me 221 | 203 | 216 | 221 | 212 | 182 | 203 | 212 | 216 | 206 


The average of the 10 estimates is 209 days and of the 10 records 
212 days, a difference of only 1$ per cent of the total. Considering 
the fact that the quantity here under consideration actually: varies 
considerably from year to year and that the records are for a single 
year, the agreement between the estimates and the records must be 
regarded as very satisfactory. 


INVESTIGATIONS BY C. M. HENNIS. 


In cooperation with the North Dakota Experiment Station the Of- 


fice of Farm Management secured the data given in Table VII. 


TaBLteE VII.—Acres plowed per day. 


Records. Estimates. 
Number | 
of horses. | Number Number 
of Average.| of esti- | Average. 
records. mates. 
Acres. Acres 
3 15 2.81 1 2.73 
4 32 3.83 16 4. 26 
5 60 5. 02 37 5.17 
6 15 §.55 10 5. 61 


When it is remembered that the numbers averaged are in most 
cases very small and that the farmers making the records were not 
the same as those giving the estimates, but were located in the same 
general region, it must be admitted that it is possible to get just about 
as reliable results from farmers’ estimates as it is from the most 
careful records provided the questions asked the farmer are within 
the range of his experience and thinking and provided the number 
of estimates is large enough to permit the proper working of the 
law of averages. 

CASE OF A GEORGIA FARM. 


In a farm management survey it happened that one enumerator 
obtained the record of a certain farm from the overseer at the farm, 
while another enumerator obtained the record of the same farm from 
the manager at his office in town. In both cases the record was given 
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_. from memory. The record from the manager gave a labor income of 


$3,688, that from the overseer $3,656, a difference of $32, which is 
less than 1 per cent of the quantity involved. It should be remem- 
bered that records of this kind are used only in averages, so that 
errors in them are for the most part eliminated by the law of aver- 
ages. (See p. 9.) 


ACCURACY OF THE FARMER’S KNOWLEDGE. 


The opinion prevails quite widely, even among farmers them- 
selves, that the average farmer knows very little of the details of his 
business. The results given in the foregoing pages indicate that this 
opinion is not consistent with facts. During the past decade the 
Office of Farm Management has analyzed the business of nearly 
’ 20,000 farms. The experience gained in this work indicates that the 
average farmer does know the details of his business with a fair 
degree of accuracy, the discrepancy in his knowledge being relatively 
small in the case of the larger and more important items, but in- 
creasing as the importance of the items decreases. One reason for 
this is the fact that in a year’s business on the average farm there 
are relatively few business transactions, most of them being fairly 
large items. The principal product of the farm is, in many cases, 
disposed of in a single sale, and the farmer remembers the details of 
this sale quite accurately until the corresponding figures for a new 
year replace them in his mind. In many other cases a product, such 
as eggs, milk, etc., is sold in fairly regular quantities from month to 
month, and the farmer remembers with a fair degree of accuracy the 
usual monthly income from such sales, as well as the variations in 
this income. 

But though the farmer does know fairly well the details of his 
business, he is not always aware of this fact; and it requires no slight 
skill on the part of the investigator to reduce his questions to the 
terms in which the farmer carries the information in his head. Un- 
less this is done, the answers given by the farmer are mere guesses 
and are of small value. Thus, if we ask a farmer how much profit 
he made on a certain field of corn he will usually not even hazard a 
guess at the answer, because he realizes he does not know; but if we 
analyze the cost and income from this field into its elements we find 
the farmer has very definite knowledge of these elements. He knows 
the operations, such as plowing, harrowing, planting, etc., done in 
raising the crop. He knows the amount and value of the fertilizers 
applied. He knows how much corn was secured and its market value. 
The trouble is not that the farmer does not know the facts necessary 
to arrive at the profit made from the field, for he does know them; 
but he does not know how to use these facts in calculating the profit, 
because his knowledge of cost accounting methods is meager. The 
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investigator, if he is competent, supplies the deficiency in the farmer’s 
knowledge of bookkeeping, and together the two of them are able to 
arrive at an approximately correct solution of the problem. 

Similarly with the profits from the entire farm. The farmer knows 
the facts necessary to calculate these profits, even though he may not 
know how to make the calculations. 

It should also be rememembered that the farmer’s less accurate 
memory for small details is not a matter of great importance, for 
the smaller the item the less influence an error in it has on the final 
result. 


ACCURACY OF COST-ACCOUNTING METHODS. ° 


Those having even the most elementary knowledge of the prin- 
ciples of cost accounting are aware that such work always involves 
estimates, no matter how accurately it may be done, and these esti- 
mates not infrequently constitute an important proportion of the - 
cost. Consider, for instance, the cost of a day of horse labor. This 
is the annual cost of keeping the horse divided by the number of days’ 
work the horse does in the year. It is possible to arrive at a. fairly 
accurate valuation of the feed the horse consumes and of the man 
labor required in caring for the horse, though the lattér item itself 
is based partly on estimates (especially of the cost of the man’s 
keep). Even then the variation in feeding practice from farm to 
farm and in the eating capacity of individual animals make the 
actual cost of feed a highly variable quantity, so that a single so- 
called “accurate” record is of little, if any, more value than an 
intelligent estimate of an experienced horseman. Another item in 
the cost of keeping the horse is interest on investment. To arrive at 
this we must estimate the market value of the animal. Deprecia- 
tion is also an important element. In arriving at this we must not 
only assume a value for the horse, but we must make a guess at how 
long he will last. Barn rent is another item. To arrive at this we 
must estimate the value of the barn, the length of time it will last, 
the cost of future repairs, and the relative value of the space occu- 
pied by the horse, as compared to that used as a shelter for machin- 
ery, etc. We must also estimate the cost of harness required in 
order that the horse may do its work. The animal must also be 
credited with the value of his manure, another estimate. 

The above facts suffice to show that on the farm even cost account- 
ing is at best largely a matter of estimates. It is merely a question 
of the dependability of the estimates. It has been shown above that 
in matters in which farmers have had extended experience their 
estimates are so sufficiently reliable that when large numbers of them 
are averaged the results possess a very satisfactory degree of accu- 
racy. However, it is not possible to overestimate the importance of 
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making questions submitted to farmers conform to the terms in 
which the farmer’s knowledge exists. When this is done a proper 
study of data furnished by farmers may reveal numerous important 
facts never suspected either by the farmer or his questioner. For 
instance, if in the farm-management survey made some years ago 
in Lenawee County, Mich., the farmer had been asked directly what 
the manure of a horse or cow was worth to him, he probably would 
not have hazarded a reply. If he had it would have been little more 
than a guess, not an estimate. But when the question was broken 
up into its elements and he was asked to state the acreage and yields of 
his various crops, the prices at which his products were sold, the 
number and kinds of animals kept on the place, he answered readily 
enough. By taking these data from many farms and comparing 
those having relatively little stock with those having many, the 
actual increment in crop values due to the manure of a single animal 
was easily calculated.* 
LAW OF ERROR. 


The law of error, frequently called the law of averages, may be 
stated in many different ways. Perhaps as comprehensive a state- 
ment of it as any is this: “Errors of measurement or observation 
tend, in the absence of ‘bias,’ to group themselves about the true 
value of the quantity Ee Si in such manner as to eliminate each 
other in the final average.” 

The manner in which such errors group Herisel ee about the true 
average will be discussed in some detail a little later. 

Absolute accuracy is not obtainable in any kind of measurements. 
In any case it is merely a question of degree of accuracy. 

The accuracy of any average depends on three things. First, and 
most important of all, is freedom from “bias”’; that is, entire absence 
of any tendency to make each measurement too high or too low. In 
general, we have found bias singularly absent in practically all our 
field studies of farm practice. It is true that some farmers deliber- 
ately overestimate, but fortunately there seem to be about as many 
who deliberately underestimate. These over and under estimates tend 
to cancel each other and thus to reduce their effect on the resulting 
averages. 

Second in importance is the Punaber of items on which an average 
depends. The larger the number the more reliable the average. The 
reason for this hes in the fact that when a number of items is aver- 
aged the larger the number the better the chance that any error will 
be canceled by a similar error in the opposite direction. 

Since no measurement of any kind is absolutely accurate, every 
measurement represents an error of greater or less magnitude. 


1See Dept. Agr. Bul. 341, Table LX, p. 98. 
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Abundant study of the law of error has shown that large errors occur 
less often than small ones, and if bias is absent plus errors of any 
magnitude occur just about as often as minus errors of similar mag- 
nitude. This is well illustrated in Table VIII, which shows the dis- 
tribution of errors in 354 separate measurements of an area. 


TABLE VIII.—Distribution of errors. 


Number Number 

Magnitude oferror.} of plus of minus 
errors. errors. 

OOO See eee ee 89 93 

BUTO Ms Ose seeeee 51 55 

AGUTON Oe sees 26 22 

AOU GOs 2) ANN 8 8 

3 PUPA wey [a CTO foe 2 0 

Total number! 176 |+178=354 


In these measurements there were in all 176 plus and 178 minus 
errors. Furthermore, of the errors of any given magnitude there 
are about as many plus as minus. 

In so far as we have been able to test the matter, the errors arising 
in securing data from farm experience distribute themselves about 
the true value in approximately the manner above illustrated. It is 
therefore possible, by securing large numbers of estimates, to get | 
averages of a very satisfactory degree of accuracy. 

The third factor governing the accuracy of an average is the ac- 
curacy of the individual items averaged. Inaccuracies in these items, 
if bias is absent, tend to eliminate each other because of the manner 
in which errors group themselves about the true mean, provided the 
number of items is large enough. For this reason inaccuracies in 
the original measurements are less important than either absence of | 
bias or number of items averaged. 

Pearl and others have shown by actual count that an average is 
more accurate than the data on which it is based. This fact has in- 
deed long been known. The relation of the accuracy of an average 
to that of the items averaged is given by the well-known formula 


Be Vi where £# is the probable error of the mean, e the probable 


error of a single observation, and n the number of observations aver- 
aged. Thus it might be said that an average based on, say, 40 ob- 
servations of a variable quantity is twice as reliable as one based on 
10, and an.average based on 100 observations is 10 times as trust- 
worthy as a single observation. Even if the probable error of the 
individual estimates is as much as 25 per cent, the probable error of 
the average of 100 such estimates is only 2$ per cent. Hence, even 
if the farmer’s knowledge of the details of his business were even. 
less definite than experience has shown it to be it would still be 
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possible to get fairly reliable results by securing large numbers of 
estimates and using only averages of them. This principle is taken 
advantage of in the study of farm practice, and there is reason to 
believe that, within the proper limits of use of the results obtained, 
studies of this kind are entitled to at least as much consideration 
from the standpoint of accuracy as are those involving experi- 
mental work conducted under the most favorable field conditions. 
Indeed it is believed that when carefully conducted by those 
properly trained both in the collection of data and in the in- 
terpretation of these data, the results of such studies approach in 
accuracy those obtained in laboratory investigations.., 

The so-called law of averages is merely one manifestation of the 
laws of probability, or chance. It is not feasible here to discuss these 
laws in detail. They are fully treated in standard texts, with which 
every experimentalist should be familiar. In fact, the interpretation 
of experimental results which does not take into account the law of 
error is nearly as apt to be wrong as it is to be right. A little con- 
sideration will show that in a highly variable quantity, such as the 
yield of a. given plot treated in a given way, six duplicate plots is 
far too small a number .to insure with any degree of certainty 
that the action of the law of averages will eliminate the departures 
from the true average. In general, the average of six such yields, 
no matter how accurately each yield is measured, is far less reliable 
than would be the average of 60 estimates of farmers based on years 
of experience with a given field. Sixty such estimates give a chance 
for the law of averages to eliminate a large proportion of the errors 
in the individual estimates, and these errors are in general no larger 
than those in plot yields, no matter how accurately these yields are 
measured. 

While we may not here consider the laws of chance in detail, a 
few illustrations of them may serve to show that such laws actually 
exist. 

In flipping a penny it is an even chance whether heads or tails 
turn up at any particular throw. Now, it has been proven by abun- 
dant experiment that as the number of times the penny is thrown in- 
creases, the tendency for the total number of heads to equal the total 
number of tails increases. In other words, where the chance is even 
the event will, on the average, turn out in one of two possible ways as 
often as it does in the other. 

In throwing a single die there are six possible results, all equally 
likely to occur. There is thus a tendency, when a die is thrown many 
times, for any one of the six faces to turn up one time in six on the 
average. 

An excellent illustration of the workings of the laws of chance was 
recently found in tabulating the replies to a circular letter sent out 


SS a eee 


ee eee 
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by the Office of Farm Management. The latter contained a list of 
implements, and the farmers to whom it was sent were asked to state - 
in connection with each item whether he owned the implement named 
and whether he recommended its purchase by farmers. The partic- 
ular tabulation with which we are concerned here included only those 
farmers recommending the purchase, the object being to ascertain 
what proportion of them had acted on their own recommendations. 
The blanks used in tabulating the replies had spaces for entering 700 
replies relating to a particular implement. The replies when entered 
in several cases filled two or more pages of the blank. After the 
answers had all been recorded, it was noticed that where the replies 
relating to a particular implement filled more than one page, the pro- 
portion of farmers owning the implement among those recommending 
its purchase was nearly the same on each separate page. Table IX 
has been constructed to show this interesting operation of the laws of 
chance. Take, for instance, the figures relating to the emery wheel 
(see Table IX). Of the 1,400 replies relating to it 976 were from 
farmers owning this implement. It happened that in tabulating the 
replies, exactly half of the owners were recorded on each of the two 
pages. Since this fact was not noticed until the tabulations had been 
completed, and since the replies were handled without any thought of 
the matter here under discussion, this perfectly even distribution of 
the 976 owners between the two arbitrary groups of 700 can only be 
ascribed to pure chance, or as nearly pure chance as can be imagined. | 
It was an even chance whether any particular owner’s reply should 
be recorded on the first page of the blank or on the second; hence half 
fell on one page and half on the other. 

That this result is not wholly capricious but is really due to the 
operation of a law is shown by every other case where two full pages 
of the blank were filled. There are nine such cases in the table. In 
no case where an even chance existed does the number of owners 
recorded on a page exceed 52 per cent or fall below 48 per cent of the 
total number of owners on the two pages. : 

The figures relating to the set of stocks and dies are an excellent 
illustration of the importance of numbers in arriving at an average. 
The replies in this case filled slightly more than two pages. On the 
first page, containing 700 replies, 52.71 per cent were from farmers 
owning a set of stocks and dies. On the second page the percentage 
is 52.43, or practically the same. But on the third page, where there 
are only six replies, 834 per cent are from owners. Six is too small 
a number to give a reliable average in such a case. | 

In the case of most of the implements of the list there was one 
page of the tabulating blank only partially filled. In all these cases, 
excepting only the one just mentioned, the proportion of owners is 
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nearly the same as on the corresponding full pages. Thus, in the 
case of the drill press the third page contains only 44 replies, but the 
percentage of owners among them is nearly the same as on the pre- 
ceding full page. Even here the number of replies is sufficient to 
permit the law of chance to make itself evident. 


? 


TABLE IX.—Illustrating operation of law of chance. 


Percent- Per cent 
Page| Number | age of Nampa of those 
Implement. N 2 of farms | owners | jocqom. |_Trecom 
| baving. | ontwo | 1 onding.| mending 
pages. 8: having 

Carborundum or emery wheel....----------------------- 1 488 50. 00 700 69. 71 
2 488 50. 00 _ 700 69. 71 
SRMONSTOR KS ANG CIASe es secs Soe cleeise ces eee eters oscil 1 369 50. 14 700 52. 71 
2 367 49.86 700 52. 43 

3 OM uc aierstere ete Gir | eee as 
arsolime DlOWLOLCH ates oes siaele onic - sls aele ae eiweinei =<. -/- il 205+ | abet eis 700 29. 28 
2 5 Seer 426 24. 64 
NVC LOO Meer eee) eis cinta 2212) ols iicinicia ec aeeme =s = = Sac il 537 50.3 700 76. 71 
' 2 532 49.7 700 76. 00 
3 TBS eerie 180 73. 88 
TEArela 0G iP. Oe desech oder E Use BB OP SEM Be BOCs Seuacire eee ii 612 50. 5 700 87.43 
2 598 49.5 700 85. 43 
: 3 RAR beeen ce ses 104 83. 65 
ISLCIE SBI? a Ghede debe Sowa RE Bee Se cee eee ees Sae See aeeace 1 478 Le 5) 700 68. 28 
2 450 48.5 700 64. 28 
3 Bio Beceem re 53 71.69 
Sian oisteaences eres soer ac eae sae Saleen case 1 520 50.1 700 7A. 28 
2 519 49.9 700 74. 14 
3 AS he eee es 220 67. 27 
Drill press, or breast drill.-.--.-.---.-------------------- 1 454 52.0 700 64. 85 
2 420 48.0 700 60. 00 
3 74 Nees Se 44 59. 09 
Combination vise, drill, and anvil....--.-..--.--.---.---- 1 370) Steen. 700 52. 85 
2 SAO le ae aeloees 654 52. 75 
Combinanormplierse sso. 222-2 se eee 2 ==> = 1 638 50.15 700 91.14 
2 634 49. 85 700 90. 57 
3 190 Sos ee es 216 87.96 
DSA ORIMNSNOT Oh ee ee cee semecooecaneeese eer eradseeeesors 1 BAe Sao a be 700 49. 86 
2 296% sac ease 568 52.11 
Conibinationi bevel square. 225552227352 522 eee oe 1 7 Falla ee a 700 53.57 
: ] 2 Di AR ee 494 55.46 
Heavy shears, or tinner’s snips....-----.---------------- 1 448 51.32 700 64. 00 
2 425 48.68 700 60. 71 
3 Get ees serine 86 61. 62 


The fact that in each case it is page 1 that has the highest propor- 
tion of owners is of no significance, since the full pages were deliber- 
ately arranged in this order after the tabulation was completed, the 
original chance arrangement being thus lost. 


MISTAKEN NOTIONS OF ACCURACY. 


In the endeavor to find the average value of a variable quantity, 
such as annual rainfall, the yield per acre of a crop under given con- 
ditions, etc., there is such a thing as gross inaccuracy in the final re- 
sult even where the individual measures are made with a high degree 
of precision. Suppose, for instance, it is desired to ascertain the 
average yield of winter wheat after summer fallow as compared with 
the yield after a preceding crop of small grain, under the soil and 
climatic conditions prevailing on a particular tract of uniform soil. 
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Suppose the actual average for summer fallowed land, as determined 
by the average of an indefinitely large number of trials extending 
over a series of years sufficient to give average climatic effects, is 30 
bushels per acre and that in a particular experiment it is 20 bushels. 
Now there is in this latter figure an inherent error of 10 bushels, and 
this error can not be eliminated by any degree of accuracy in measur- 
ing the 20-bushel yield. The only way to eliminate errors of this 
kind is to get enough observations to allow the law of averages to 
operate on them; that is, to insure the elimination of errors in one 
direction by the occurrence of similar errors in the opposite direc- 
tion. 

The relatively small importance of accuracy in the items to be 
averaged as compared with the great importance of the number of 
these items is well illustrated by the following facts concerning rain- 
fall at Penn Yan, N. Y. The annual precipitation at this station has 
been measured to the hundredth of an inch each year for a period of 
60 years. The average of the 60 annual records is 29.113 inches. If 
instead of the actual rainfall for each year we use the nearest multi- 
ple of 10, thus recording 26.73 as 30, 23.87 as 20, and so on, we get an 
average of 28.667, which is in error 1.532 per cent, assuming 29.113 
inches to be the true average. If now we divide the 60-year period 
into six periods of 10 years each, using the measurements to the hun- 
dredth of an inch, the averages of these six periods are in error to 
the extent of 3.24, 7.51, 2.95, 7.24, 2.94, and 3.52 per cent, respectively. 
That is, the 60-year average based on measurements made to the 
nearest multiple of 10 inches is more accurate than any one of the 
10-year averages based on the most accurate measurements. 

It is not intended here to convey the impression that accuracy in 
original data is a matter of small importance. Such accuracy is im- 
portant. The main point to be made is that numbers of items to 
be averaged is still more important. Our studies lead to the con- | 
clusion that errors in the farmer’s knowledge of the details of 
his business and of the work he does are in every way comparable 
to the departures from the true mean in field plot experimental 
work and that they distribute themselves about the true values in 
approximately the same manner. The fact that the survey method 
of investigation gives data sufficient to permit the law of averages 
to eliminate plus errors by the occurrence of similar minus errors 
while plot experiments ordinarily do not do this appears to justify 
the statement that the survey method is a more reliable means of 
arriving at those facts to which it is applicable than the field plot 
experimental method. It appears, in fact, to occupy a place inter- 
mediate between plot experiments on the one hand, where variations 
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in other factors than that under observation occur and are not ade- 
quately eliminated, and laboratory studies on the other hand, in 
which variations in other factors are largely prevented. ‘These varia- 
tions due to factors other than that studied do occur in using the 
‘survey method, but the amount of data obtained by this method is 
sufficient to permit the elimination of such variations by the opera- 
tion of the law of averages. The fact that there is such unanimity in 
the conclusions of investigators using the survey method in all parts 
of the country is, of itself, evidence of the general validity and great 
utility of this method of research. 
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INTRODUCTION. 


Farmers’ mutual fire insurance companies represent one of the most 
successful efforts at rural cooperation in the United States. Nearly 
2,000 such companies are in existence, with a total amount of insur- 
ance in force exceeding 54 billion dollars. These companies are 
increasing rapidly in number and size. In some States of the Middle 
West ely three-fourths of all insurable farm property is now 
insured in the farmers’ own companies. Organizations of this 
kind are found in every State except Florida, Mississippi, Louisiana, 
New Mexico, Arizona, and Nevada. 

The eerie eon of a farmers’ mutual insurance company should 
be preceded by a certain amount of preparatory work. The legal 


Notr.—This bulletin is intended mainly for two classes of readers—those contem- 
plating the organization of a farmers’ mutual fire insurance company and those desiring 
to improve the methods and practices of an existing company. It aims to outline 
principles and methods developed by successful companies of this kind and to set forth 
the advanced ideas held by their officers, rather than to discuss the subject theoretically. 
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step of incorporation should not be taken until as large a percentage 
as possible of the substantial farmers in the community have been 
interested in the undertaking. Twenty-five States now provide in a 
separate chapter or division of their insurance laws for the incorpora- 
tion of farmers’ mutual fire insurance companies. In most of the 
other States it is possible to incorporate such companies under the 
insurance laws referring to fire insurance mutuals in general. 

In any case the organizers are required to set forth in a formal 
paper, usually called articles of incorporation, the name of the pro- 
posed company, the location of its home office, the purpose of the 
organization, the business territory, the conditions of membership, 
a brief outline of the form of management proposed, and the condi- 
tions under which the various provisions outlined in the articles of 
incorporation may be altered or amended. 

As soon as incorporation has been accomplished, a set of by-laws 
should be drawn up. If the articles of incorporation have described 
the nature and purpose of the organization in outline only, these 
same topics should be taken up fully in the by-laws. The machinery 
of management should be provided for and the conditions of insur- 
ance should be carefully stipulated. Detailed provisions regarding 
the routine of the business should be avoided, however, and consider- 
_able discretion in these matters should be left to the directors. 


PURPOSE OF THE COMPANY. 


The purpose of the organization should be stated clearly in the 
by-laws. It should be made evident that the object of the company is 
to safeguard its members against the burdens of disastrous losses, 
and that this is to be accomplished in the way that best serves the 
interests of the membership as a whole. This means that the com- 
pany must promote energetically the elimination of preventable 
losses and distribute on an equitable basis the burden from those 
losses that it can not prevent. 

The fact that a company of this kind is organized to prevent disas- 
trous loss burdens does not mean that it should remove all burdens 
from the individuals who suffer losses of property. In all cases a 
reasonable part of the loss should be borne by the owner. It should 
be to his interest, above all others, to have his property remain in 
existence. If the entire loss is assumed by the company, it becomes 
a matter of no economic consequence to the owner whether his prop- 
erty is destroyed or not, and his strongest incentive to safeguard his 
property has been removed. There is also danger that a slight change 
of economic conditions may make it directly to his pecuniary advan- 
tage to have his property destroyed. 
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BUSINESS TERRITORY. 


There has been a growing tendency in recent years on the part of 
legislatures to permit farmers’ mutuals a wide business territory. 
Several States now permit companies of this kind to operate in the 
entire State. The tendency on the part of the companies to avail 
themselves of this privilege has been somewhat less marked. While 
it seems a natural ambition on the part of a farmers’ mutual to desire 
to grow by extension of its territory as well as by adding to its risks 
within the territory already partly covered, there is danger that such 
ambition eventually will lead to less desirable results. One of the 
most important advantages that farmers’ mutuals in general enjoy 
over larger companies is that of a community interest and a com- 
munity pride in the success of the undertaking. Each member dis- 
tinctly feels himself a part of the company. The individual member 
actively promotes the interests of the organization, is anxious to see 
all losers receive equal justice, and is usually satisfied with a reason- 
able settlement in case he himself suffers a loss. These conditions, 
together with the knowledge of one another’s character and business 
affairs, tend to reduce the moral hazard to a minimum. 

Even if a case of overinsurance in a farmers’ mutual should occur 
in connection with property owned by an unscrupulous member who 
would be quite ready to occasion a loss to a large insurance company, 
located perhaps in a distant city, such a member is likely to hesitate 
to throw the loss upon his own neighbors. Thus the moral hazard is 
greatly reduced in the local farmers’ mutual. Many of the local 
mutuals have done business for half a century or more without a 
single lawsuit. Such a record would rarely be possible except in a 
company founded on true cooperation and embodying the principle 
of community interest in some direct form. When risks are con- 
fined to a limited territory the saving in traveling expenses of di- 
rectors, inspectors, and adjusters is also a large item. 


MEMBERSHIP AND VOTING PRIVILEGE. 


All persons whose applications for insurance have been accepted 
should be members of the company in every sense of the word. The 
character of the owner as well as the physical condition of the prop- 
erty should be considered before the application is approved. Once 
his application is accepted and a policy is issued to him, however, the 
new member should be treated in exactly the same way as the charter 
members. 

Active cooperation of all the members should be the aim. The 
annual meeting should be well advertised and, if possible, made an 
interesting and significant community event. Occasionally a set of 
directors and officers are well satisfied to have the members neglect 
the annual meeting, thus leaving to those already in office all responsi- 
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bility, including the question of their own reelection. No intelligent 
or effective cooperation on the part of the membership can be ex- 
pected under such circumstances and it is not conducive to true and 
continued progress, either in the improvement of risks or in the 
strengthening and expanding of the influence and reputation of the 
company. Members who know little or nothing about the organiza- 
tion to which they belong can hardly be expected to prove effective 
voluntary promoters of its interests. 

A cooperative organization is logically an aggregation of persons 
rather than of wealth. While many plans of voting based on the 
amount of insurance carried are in use by the farmers’ mutuals in 
different States, it is commonly conceded that the simple plan under 
which each member has one vote for each official to be elected, or for 
each measure to be passed upon, is best. 

A somewhat stronger case is presented in favor of the right of a 
member to cumulate his vote upon less than the total number of 
directors to be elected. For instance, if three directors are to be 
chosen, each member is permitted three votes, which he may cast, 
one for each of three men, cr two for one man and one for another, 
or all three for the same candidate. This plan is intended to give a 
reasonable representation to a minority faction, if such faction should 
exist. The plan is subject to the possibility of accident, however, 
unless it is combined with the very cumbersome preferential voting 
plan, and under certain circumstances it may make for minority 
control instead of for majority control with minority representation. 
Such an outcome is doubtless rather unlikely, but it is by no means 
impossible. Under the old plan of one vote for each of three candi- 
dates, the minority faction, if there be one, may be left unrepresented, 
but this is certainly less objectionable than to have the control of an 
organization turned over by mere chance to a minority. 

A provision for votes by proxy, without proper safeguards, should 
be avoided. In a number of farmers’ mutuals it has led to unde- 
sirable results. The vote of a member, as a rule at least, should be 
cast in person at the formal gathering of the membership, where the 
yoter’s own opinion can be expressed, and any such opinion based 
upon misunderstanding can be corrected. In a company with a lim- 
ited business territory such a requirement can not be said to be 
unreasonable, so far as the average member is concerned. Individual 
cases may exist, of course, in which persons with sound and settled 
opinions in regard to the company’s affairs find it difficult or even 
impossible to attend a given meeting. If it is thought desirable to 
provide for these exceptions, and if the laws of the State permit, 
voting by mail, under proper restrictions, may be provided for, or 
proxy voting may be permitted with a close limitation upon the 
number of proxy votes that may be assigned to any one member. 
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BOARD OF DIRECTORS. 


The management of the company should be vested in a board cf 
directors. The members of this board should be elected on such a 
plan that the term of office of only a part of the directors expires each 
year. Thus the board is a continuous body. The number of the 
directors should be sufficiently large to give representation to the 
different districts in the business territory, and to ‘assure reasonably 
careful deliberation of questions of policy. If the number is too 
large, however, the transaction of business is likely to be unduly 
retarded by the profusion of opinions, and further, the per diem 
allowances for board meetings will become a needlessly heavy ex- 
pense. Except where local conditions appear to require a certain 
grouping or distribution of the directors, nime members seem to form 
a board of convenient size. As nine is an odd number, there is no 
possibility of a deadlock when all members are present; at the same 
time a board of nine directors can be divided fer election purposes 
into three groups or classes with the same number in each class. 

If fewer than three classes are provided for, the group or class 
arrangement, which is intended to make the board a continuous body, 
becomes of little value, since the policy of the board may be entirely 
reversed by the new members chosen at a single election. The same 
danger may easily appear, even with three classes provided for, when 
the number of directors is either seven or five. With a board of 
seven members, for example, one class would consist of three direc- 
tors and the other two classes of two directors each. In the year 
when-the term of the three directors regularly expired a single acci- 
dental vacancy in either of the other two classes would cause a 
majority of the board to be elected at one meeting. 

An opportunity to make a radical change in the management at a 
single meeting might be desirable if a large number of the members 
always attended the annual meetings. But where the attendance is 
usually small, as is frequently the case, one or two dissatisfied mem- 
bers may bring in a few friends and control the meeting. If all or 
a majority of the directors are to be elected at this meeting, the 
affairs of the company may thus be controlled for an entire year by 
men who represent a very small percentage of the membership. On 
the other hand, when only a third of the directors are to be elected 
at one meeting, the opportunity. for such an action is removed. Even 
if one small group should control one meeting, there is ample oppor- 
tunity for the membership in general to be informed of the situation 
before the next annual meeting, so that the election cf another third 
of the directors by the few disaffected members is readily prevented. 
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While factional difficulties have been rare in the farmers’ mutuals, 
they are by no means unknown. 

Since the directorate represents the members, a vacancy in the 
board should theoretically be filled by election in the manner in 
which the position was originally filled. An extra meeting for the 
purpose of filling such a vacancy, however, involves considerable 
trouble and expense, and it is perhaps well to provide that the 
remaining members of the board shall fill the vacancy temporarily, 
the one so selected holding office only until the next regular meeting. 

The board of directors, subject to the articles of incorporation and 
the by-laws, should have full and complete charge of the business 
of the company. The limitations upon its powers provided for in 
the by-laws should be such as affect the broader policies of the com-. 
pany only. Details of administration should be left in general to 
the discretion of the board. Without discretionary powers in these 
matters the directors are not in a position promptly to meet new 
conditions that may arise, nor can they properly be held responsible 
for the efficient management of the company’s affairs. All officers 
and employees should be elected or appointed by the board or its 
representatives and should hold office only so long as they discharge 
their duties faithfully and efficiently. The compensation of all such 
officers and employees should be fixed by the board. Only the com- 
pensation of the directors themselves should be stipulated in the 
by-laws. 


OFFICERS AND COMMITTEES. 


There are good reasons why the regular officers should generally 
be elected by the board from their own number. It is probable that 
the members will have elected as directors the men in the com- 
munity who are best qualified to transact the company’s business 
for them. Hence to insist that the officers be elected from outside 
the board may deprive the company of the active service of its best 
qualified members. The officers acquire an experience and a practical 
insight into the business which should be made to count in the 
directors’ meetings. Especially is this true of the secretary and the 
president. The duties of the treasurer, however, as ordinarily pre- 
seribed, bring him but little into touch with the actual insurance 
business, and this office may well be held by any responsible person, 
regardless of other connection with the company. An official or 
responsible employee of a local bank often makes a desirable treasurer, 
since he usually has the requisite training and the conveniences for 
keeping accurate accounts with a minimum of labor and expense. 
Moreover, his methods of keeping accounts may give the secretary 
valuable suggestions in regard to the keeping of his books, for, with 
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all his knowledge of farm risks and mutual insurance principles, the 
secretary is seldom a skilled bookkeeper or accountant. In excep- 
tional cases 1t may be found expedient to elect a secretary who at 
the time has no farm property to insure and therefore can not be 
a member of the company in a technical sense. He may be a retired 
farmer, for example, who for years has been an active member of 
the company. 

While the directors as a body are responsible to the members, it 
involves needless expense to have them meet to pass upon routine 
business. On the other hand, it is undesirable to leave too much to 
the judgment of a single individual. The best plan, probably, is to 
provide for an executive committee to pass upon all matters of 
importance which are more or less routine in their nature. The 
president, secretary, and vice president properly constitute such a 
committee. The first two are connected -actively with the details 
of the business in any case. There seems good reason for making 
the vice president the third member of this committee, since his 
duties as a committee member will keep him in touch with all angles 
of the business and qualify him for the duties of acting president, 
which he may be called upon to perform. By this plan the regular 
meetings of the board of directors may be reduced to about four a 
year. Special meetings of the board should be called whenever any 
extraordinary problems confront the company. 

Another important committee for which all companies should 
provide is an auditing committee. It is almost impossible to over- 
emphasize the importance of a thorough annual audit of the books 
of the company. It is an added incentive to the officers in charge of 
the books to keep their records accurate and in good form. 

While cases of misplaced confidence appear to be rare in companies 
of this kind, nevertheless provision should be made to prevent the 
possibility of misconduct or misuse of funds. Even though the 
reputations of the officers are such that fraud on their part seems 
impossible, it is desirable to maintain sound business practices and 
to guard against insinuations by some disaffected member. The 
officers themselves should insist upon a thorough annual audit as a 
matter of self-protection. It may be desirable to have the books 
audited annually by an experienced accountant, but this involves 
considerable expense. Under ordinary circumstances, especially for 
the company of moderate size, the most practicable auditing com- 
mittee consists of members of the company. In a committee of three 
the chairman and at least one other member should be selected at 
the annual meeting from outside the board of directors. It may be 
well to have the third member selected by the board from their own 
number in order that no needless misunderstandings may arise. 
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APPLICATIONS FOR INSURANCE. 


The most important single problem confronting a newly organ- 
ized farmers’ mutual fire insurance company is that of securing a 
sufficient number of acceptable applications for insurance within a 
reasonable distance of the home office. In passing upon applications, 
the standard applied to risks must vary somewhat with the economic 
development of the community which the company is intended to 
serve. In a new or undeveloped community risks will have to be 
accepted which, in a community more advanced in a material way, 
can and should be rejected. The cost of insurance will be higher, 
of course, in the undeveloped community, but since commercial rates 
for insurance, if protection of this type is available on any terms, 
will also be much higher, the saving through cooperative enterprise 
in fire protection may equal or even exceed the saving Ges Rnses 
in the more advanced community. 

While the standards for the material forms of the risk may thus 
vary to suit the locality, the requirements as to personal character 
of applicants need not and should not vary. A thriftless or dis: 
honest person has no place in a farmers’ mutual insurance company. 
When an individual is known to have these characteristics, it is the 
duty of the management not only to avoid soliciting his insurance, 
but to reject lis application if it should be tendered. Those in 
charge of the company have no right to endanger its stability in 
order to avoid this unpleasant duty. Where mere suspicion of dis- 
honesty exists and the management does not feel justified i in reject- 
ing an application for insurance and membership in the company, 
sisal precaution should be taken to see that the property is con- 
servatively valued. Even where no suspicion of dishonesty exists, 
due care always should be exercised to avoid the creation of néed- 
less temptation through overinsurance, which frequently leads to a 
bad moral hazard. 

With the above statements few, if any, of the men experienced in 
farmers’ mutual insurance will deere: On the question of who 
should solicit or accept applications, however, a variety of opinions 
will be found. In about 35 per cent of the farmers’ mutuals all 
applications are taken by one or more special agents, and in an 
additional 10 per cent of the companies applications are taken at 
least in part by special agents. The other 55 per cent of the com- 
panies restrict the right of taking applications to the directors ex- 
clusively, to the officers exclusively, or to the directors and officers. 

The extent to which the cooperative spirit has been developed 
in the community should be taken into consideration in deciding 
upon a plan for securing business. It is believed, however, that 
the plan of charging the directors with this duty, wherever it can 
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be put into practice, will increase the cooperative spirit. It will 
help to give the organization a broad and firm basis and make it 
more truly a community affair. Under the agency plan, on the 
other hand, there is greater danger that the interests of the com- 
pany will be sacrificed in an effort te secure large applications and 
commissions. 

The compensation for securing business should be a fixed amount 
rather than a percentage of the advance charges collected. The fixed 
amount leaves the one who takes the application unbiased as to the 
valuation and the consequent amount of insurance written. While 
a thoroughly conscientious and unselfish person may refuse to let 
the matter of his own compensation influence his judgment, there 
is no doubt as to the wisdom of eliminating temptation wherever 
possible. 

The application should contain an accurate and fairly detailed 
description of the property to be insured and should also contain 
the proposed member’s formal acceptance of the articles of incorpo- 
ration and the by-laws of the company, together with his agreement 
to meet his share of all losses and legitimate expenses. The latter 
obligation frequently is embodied in a separate assessable note, 
though in most cases where this is done it merely adds another paper 
to be cared for, without corresponding advantage. 

The policy or membership fee and the initial premium should be 
forwarded with the application to the secretary, unless a plan for 
periodic settlement of accounts between the company and the person 
receiving the application has been provided. Such application, when 

_ fully and regularly approved by the company’s representative taking 
it, should impose full liability upon the company until a policy is 
issued or the application has been formally rejected. In the absence 
of such a provision, especially where the secretary does not give 
his full time to the duties of his office, the delay in issuing a policy 
may mean that the applicant goes without protection for some time 
after he has taken all necessary steps on his part to have his prop- 
erty insured. 

- When a conditional or tentative approval by the company’s repre- 
sentative taking the application is provided for in the by-laws, an 
application so approved should not bind the company until finally 
passed upon and accepted at the company’s home office. In any case, 
aiter due consideration of the application, either a policy should be 
issued and forwarded to the applicant or the application, together 
with the advance charges collected, should be returned promptly 
with formal notice that it has been rejected. The reason for rejec- 
tion should be clearly stated whenever practicable. 
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INSPECTION OF RISKS, . 


By means of reasonable care in the selection of the risks from a 
physical standpoint, together with precautions to eliminate the moral 
hazard, it is possible for a farmer’s mutual fire insurance company 
to bring the average annual loss ratio considerably below what would 
be expected from the experience of larger commercial concerns in- 
suring farm risks. Since the expense item in the annual budget of a 
farmer’s mutual is easily held below the corresponding outlays of 
commercial concerns, a considerable saving to the members can be 
effected. To stop here, however, is to fall far short of realizing the 
possibilities of a farmers’ mutual insurance company, The annual 
fire loss in the United States, within as well as outside the farmers’ 
mutuals, is very much higher than it should be, judged by the ex- 
periences of other countries. A large percentage of the fires that 
occur are readily preventable, and there is no better way for the 
company to live up to its purpose of safeguarding its members against 
disastrous loss burdens than to eliminate, as far as possible, all 
preventable losses. 

The first and perhaps the most important step in a program for 
the improvement of risks and the elimination of preventable losses 
is an efficient system of inspection. Many defects that constitute fire 
dangers could be discovered and removed by a more thorough inspec- 
tion than is now generally made by the representatives of the com- 
pany who take the applications for insurance. It may be doubted, 
however, whether highly satisfactory results can be secured without 
the employment of a special inspector who makes a careful study of 
fire dangers and who inspects thoroughly all risks of the company 
at least every two or three years. It may be found that annual in- 
spection is necesesary for the best results. The experience of other 
classes of mutuals has amply demonstrated that money spent for 
efficient inspection of risks is a wise and profitable investment. 


FORM AND TERM OF POLICY. 


A reasonable uniformity among the farmers’ mutuals in regard 
to their policy forms is undoubtedly desirable and should be en- 
couraged. The advisability, however, of requiring them to use a 
standard policy applicable to all classes of insurance may be ques- 
tioned. In many instances where the use of the standard policy by 
these companies has been prescribed by State law, they have con- 
tinued to consider the by-laws printed on the back of the policy as 
the real agreement between the company and the insured. 

It is unquestionably a condition essential for success in cooperative 
effort that the agreement between the organization and its members 
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be read and understood. The standard insurance policies of the va- 
rious States, it must be admitted, are difficult reading for one not 
accustomed to legal phraseology. The provisions contained therein 
regarding manufacturing establishments and their operation are of 
no interest to the members of a farmers’ mutual. These considerations 
appear to have induced the legislatures in a majority of the States 
that have special legal provisions for farmers’ mutual companies 
to exempt such companies from the use of the standard fire insurance 
policy of the State. 

A difference of opinion exists as to the term of years for which a 
policy should be written. A small number of the farmers’ mutuals 
make their policies perpetual in form. The advantages claimed for 
such a plan are that it tends to give permanency to the company, 
and that it saves the expenses incident to the making of renewals. 
However, as the value of a given farm risk changes from time to 
time with the addition of new buildings, the deterioration of old ones, 
increase or decrease in the amount of stock or machinery on hand, 
such a policy, as a rule, will require changing at intervals, making 
it in effect a new contract, even though technically the old policy 
continues in force. There is also the danger that in the absence 
of a specific termination of a policy, the revaluation of the prop- 
erty will be unduly postponed, resulting in cases of overinsurance, 
with the consequent tendency toward a bad moral hazard. The 
duration of the limited-term policies issued by the farmers’ mutuals 
varies from a single year to 10 years. The usual length of term, 
however, is five years, and more than seven-tenths of the farmers’ 
mutuals write their policies for this period of time. 


LIMITING THE SIZE OF INDIVIDUAL RISKS. 


It is very important, especially in the early history of a company, 
when the total amount of its risks is relatively small, to limit care- 
fully the amount of insurance written on a single building or on a 
group of buildings subject to the same fire. Not to limit the size 
of the risk is to invite disaster. The exact limit fixed upon such 
single risks must be determined to some extent by the average value 
of farm buildings in the community. It is perhaps safe to say, 
however, that no recently organized company should attempt to 
write more than $2,000 on a single risk. 

Some provision for sharing the liability involved in the larger 
risks with one or more other companies should be made whenever 
possible. Two ways of accomplishing this division are in vogue. 
One of these is the plan usually referred to as joint or concurrent 
insurance. Under this plan two or more companies issue separate 
policies for specified amounts on the same risk, care being taken that 
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the total amount of the two or more policies shall be well within the 
actual value of the property. 

The second plan of sharing lability with other companies is that 
of reinsurance. Under this plan the original company in the first 
place insures the entire risk, but later makes a contract with another 
insurance company to assume a certain part of the liability. 

The first of these two plans is the more easily applied, since the 
two or more companies sharing a given risk are practically inde- 
pendent of one another; hence uniformity in practice or approval of 
one another’s metheds is not required. Under the second plan the 
knowledge and approval of one another’s methods and affairs are 
necessary before an agreement for reinsurance can be brought about. 


EVILS OF BLANKET INSURANCE. 


From the point of view of the company the insurance written 
should be as specific as possible. The practice of writing blanket 
insurance, that is, of covering a variety of insurable objects by a 
single lump sum of insurance, is unfair both to the company and to 
the members with a small amount of property to insure. It enables a 
member owning a large amount of property to protect himself 
against loss with a relatively small amount of insurance. In extreme 
instances all the personal property located on several separate farms 
has been thus covered by a single sum of insurance. Since loss of. 
more than a small fraction of this property by any ene fire is impos- 
sible the owner, under such a blanket plan, can protect all his per- 
sonal property by an amount of msurance equal perhaps to 10 or at 
most 20 per cent of the value. A corresponding opportunity to 
secure more protection than is actually paid for is not open to the 
member who has but few items of personal property and these in a - 
large measure subject to destruction by a single fire. 

Inasmuch as under the blanket plan the property covered by the 
insurance is invariably out of proportion to the amount of insurance 
written, it makes the assessment per hundred of insurance unduly 
large, and thus in addition to giving an unfair advantage to the more 
wealthy members, it discredits the work of the company by making 
the average cost of protection appear higher than is actually the case. 
A number of the farmers’ mutuals have reduced their rate of assess- 
ment materially, while at the same time they have made their assess- 
ments more just, by the simple method of changing their plan from 
one of giving blanket insurance to one of specific enumeration and 
valuation of the various kinds of property covered by the contract. 
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LIABILITY OF THE COMPANY AND OF THE INSURED. 


Even large legal-reserve companies find it necessary in their con- 
tracts to exempt themselves from liability for losses due to such 
catastrophes as invasion, insurrection, riot, or civil war. A local 
mutual is, of course, even less capable of assuming liability for loss 
caused by such disasters, in which the destruction cf property may 
surpass all expectations or estimates for which an insurance company 
can reasonably make provision. Since the destruction by windstorm 
of a building in which light and heat are used involves the proba- 
bility of fire resulting from the fall, it is proper for the company to 
arrange for exemption from liability in the case of such fire loss. The 
insured should rely upon windstorm insurance for indemnity against 
loss primarily due to the windstorm hazard. 

A few farmers’ mutuals limit their liability for indemnity in case 
of all losses, whether total or partial, to three-fourths of the value of 
the property. Where the insurance written is limited to three- 
fourths of the actual value of each risk, as is here advocated, the 
member suffering a total loss bears one-fourth of the less himself. 
A part of a partial loss can be borne by the insured with even less 
hardship. Prevailing practice requires full indemnity in the case 
of partial losses, however, up to the amount of the insurance carried, 
and this practice has been recognized in the accompanying by-laws. 

The main reason for not embodying in the accompanying by-laws 
the more logical practice of three-fourths indemnity in all cases is 
the danger that unfair competition might result. In spite of its 
reasonableness, the practice offers an opportunity for agents of com- 
peting companies to alienate members who have suffered partial loss, 
by pointing out to them the greater indemnity that would have been 
paid by another company. A recent loser is likely to overlook the les- 
sened cost of insurance resulting from the three-fourths provision, in 
his contemplation of the greater indemnity that he would have re- 
ceived under the full indemnity plan for partial losses which another 
company offers. He is not reminded, and may himself forget, that 
as a total loser he would be required to bear part of his own loss in 
either company. Hence, until insurance companies in general agree 
to adopt a better practice, it may be disadvantageous for a local 
mutual to adopt the three-fourths plan. Where a company already 
has adopted such a plan, however, and where the members under- 
stand and appreciate the closer approach to justice given thereby, it 
should be continued. 

The lability of the insured is either limited or unlimited. Un- 
limited liability in this case means that a member binds himself to pay 
his pro rata share of all losses and legitimate expenses of the com- 
pany. Many persons have objected to this unlimited liability feature 
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in farmers’ mutuals, although about seven-tenths of the companies 
are doing business successfully under this plan. It is argued that the 
apparently impossible might yet come to pass, that is, that losses in 
such number and amount might be experienced by a company that 
the necessary assessments would bankrupt the members who had not 
suffered fire losses. The fact is that in a farmers’ mutual company 
with a reasonable number of risks, located on separate farms, any- 
thing corresponding to a conflagration loss is inconceivable. The 
only exception would seem to be a frontier community in which ex- 
tensive prairie or forest fires were still possible. 


REDUCTION AND CANCELLATION OF INSURANCE. 


Inasmuch as the value of the insured property of a farmer changes 
from time to time, it becomes necessary to provide in the contract. for 
readjustment in the amount of insurance. The opportunity for such 
readjustment should be open to the insured as well as to the com- 
pany. The contract should provide also for the cancellation of the 
policy at the option either of the company or of the insured. No at- 
tempt should be made on the part of the company to retain a man 
who no longer desires to be a member, and it is absolutely necessary 
for the safety of the company to reserve the right arbitrarily to can- 
cel any policy upon giving fair notice. The reasons for the com- 
pany’s wish to cancel may be perfectly valid from a practical stand- 
point and yet be of such a nature that they can not be argued with 
the insured. Such is the case in practically every mstance where 
a bad moral hazard is discovered. 

When cancellation takes place at the initiative of the insured, it 
is reasonable to charge him a short-term rate which is higher than 
the pro rata cost for the whole term of the policy. This is merely 
a proper recognition of the expense that the company has incurred 
in placing the insurance upon its books. The balance, if any, of the 
advance charges paid by the member, after the deduction of such 
short-term rate, should be returned. The by-laws should provide, 
however, that in case of voluntary cancellation by the insured follow- 
ing heavy loss experiences, he must be held liable for his share of all 
losses and legitimate expenses incurred by the company before such 
cancellation. Unless this is provided for there is the possibility that 
a member may cancel his policy because unusually heavy losses have 
been incurred which will make the next assessment higher than the 
average. 

When, on the other hand, cancellation takes place at the initiative 
of the company, only the pro rata cost of insurance for the time pro- 
tection has been given should be deducted from any advance charges 
paid by the insured. If a short-term rate is applied under these 
conditions the insured is likely to feel that he has been mistreated 
and wilfully defrauded. 
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FEES AND ASSESSMENTS. 


A reasonable policy fee, or membership fee, should be provided 
for in the by-laws. This fee is usually large enough at least to com- 
pensate the representative of the company who takes the applica- 
tion and makes a survey of the risk. 

Apparently many of the farmers’ mutuals, in their early history, 
followed the plan of levying assessments after each material loss, 
and a few companies still adhere to this plan. It has been found, 
however, that after a company has reached a fair size this plan proves 
needlessly burdensome to the officers and also involves unnecessary 
expense in notifying members of their assessments and in receipting 
for these assessments when paid. The members themselves fre- 
quently find it annoying to be called upon for small assessments several 
times during the year. Other companies have adopted the plan of 
borrowing money with which to pay losses as they occur, and levy 
an assessment sufficient to repay the loans at the close of the busi- 
ness year. 

An increasing number of farmers’ mutuals, however, are adopting 
the plan of requiring the prepayment of an initial premium at least 
equal to one year’s average cost and then collecting at the beginning 
of each succeeding year of the policy term an annual assessment in 
advance. This plan not only obviates frequent assessments but also 
eliminates much of the trouble occasionally experienced in enforcing 
payment by delinquent members. The fact that a reasonable amount 
of money is always on hand in the treasury of the company further 
tends to inspire confidence in the organization both on the part of the 
members and on the part of business men with whom the company 
or its policy holders may wish to deal. 

Where the annual prepayment plan has been adopted the initial 
premium as well as the successive annual assessments should be based 
on a liberal estimate of the needs of the company for the coming 12 
months, taking into consideration any funds already on hand. 
Should it be found, however, that the funds have become exhausted 
some time before the next regular assessment, the management should 
not hesitate to make good the deficiency by levying a special assess- 
ment upon all risks insured at the time of the occurrence of the 
unusual losses that exhausted the company’s funds. 

In the case of special assessments, as well as in the case of all 
regular assessments when levied in arrears, it is important that the 
payment of all dues be enforced in a businesslike manner. Several 
companies have suffered loss of reputation, and subsequently of mem- 
bership, because of their failure to take prompt and effective meas- 
ures to enforce their assessments. Once it is understood that the 
management of the company means what it says in its assessment 
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notice, little trouble is experienced in the collection of its dues, except 
perhaps from renters who have removed their insured personal prop- 
erty to some other State or locality. 


CLASSIFICATION OF RISKS. 


With relatively few exceptions the farmers’ mutual fire insurance 
companies of this country hitherto have charged the same rate for 
zll classes of farm property. In explanation of this practice it may 
be said that httle information has been at hand on which a classifi- 
cation of the various kinds of farm property could be based. It also 
has been argued, for example, that while a barn may involve a 
greater fire hazard than a dwelling, each member, as a rule, owned 
and insured one building of each kind; hence little injustice was 
done by taking the more hazardous barn at the same rate as the less 
hazardous dwelling. Especially, it has been argued that the classi- 
fication of property would involve an undesirable amount of addi- 
tional work for the officers of the company, particularly for the sec- 
retary in making out his notices and records of assessments. The 
amount of insurance on each class of risk would have to be muiti- 
plied by its particular rate and then the sum of these products ascer- 
tained for each policy, while under the current practice the deter- 
mination of a member’s assessment involves but a single calculation. 

In spite of these arguments, all of which must be admitted to 
have more or less weight, a reasonable classification of risks is re- 
quired by considerations not only of justice but also of expediency. 
There is, after ail, a very considerable difference in the nature of 
the property offered for insurance by different farmers. In one case 
the more hazardous barn may be worth twice as much as the less 
hazardous dwelling, and in another case a reverse relation between 
the two may exist. One farmer insures a large number of live stock 
and another does not. Still further, experience is bringing out 
more and more clearly that farm buildings put to the same use are 
by no means equally hazardous. The material of which they are 
constructed, the location with regard to other buildings, the ab- 
sence or presence of proper lightning rods, very materially affect the 
fire hazard. In fact, this differentiation of risks with reference to 
the fire hazard is increasing rather than decreasing as the community 
progresses from an economic standpoint. While in the past prac- 
tically all farm buildings were built of wood with shingle roofs, an 
increasing number of buildings are now constructed of brick or 
stone, while slate, tile, or metal roofs are even more frequent. The 
Jarger commercial companies, and also the larger mutuals that either 
classify or carefully select their risks, are making increased efforts 
to secure as risks farm buildings so constructed that the fire hazard 


A FARMERS’ MUTUAL FIRE INSURANCE COMPANY. i 


isreduced toa minimum. Unless the local farmers’ mutual is willing 
to make concessions from its average rate for a risk of this kind, 
such risk is likely to be lost to the company. Furthermore, by giv- 
ing reasonable concessions in its charges on desirable risks, the com- 
pany offers a strong inducement to the farmer to improve his prop- 
erty by eliminating needless fire dangers. 

A suggestive classification of farm property will be found in the 

accompanying by-laws. If an initial premium proportionate to the 
hazard is charged, and this premium is used as the basis for all assess- 
ments on the plan also provided for in the by-laws, the added work 
imposed upon the secretary by classification will be very smali. Such 
a classification will enable a company to make more equitable charges 
for insurance, to safeguard itself against competition, and to encour- 
age the improvement of its risks. 
- The method of handling the classification is further explained by 
the application and policy forms attached. In the space in the appli- 
cation for summarizing the insurance by classes will be found sug- 
gestive rates for each class. These rates, like the classification itself, 
will need adjustment in many instances in order to reflect, as nearly 
as may be, both average insurance cost and relative hazards on the 
different classes. 


SETTLEMENT OF LOSSES. 


The duty of the insured to prevent afid to limit fire losses as far as 
possible should be clearly expressed in the by-laws. A provision 
should also be made to the effect that a sworn statement may be 
required of the insured as to his knowledge and belief in regard to the 
cause of the fire and the amount of damage or loss. Arbitration 
should be provided for to settle difficulties that may arise as to the 
amount of indemnity due. The simplest and perhaps the most satis- 
factory way of arranging for this arbitration is to have the company 
and the insured each select one member of the arbitration board, and 
then require the two so chosen to select a third member. 

The cost of the arbitration should be borne equally by the company 
and the insured. It is sometimes argued that the party who, accord- 
ing to the findings of the board, is proven to have been in the wrong 
should pay the entire cost of arbitration; or, in other words, that the 
cost should be borne by the insured unless the award previously 
offered by the company is increased by the decision of the board. 
When such a provision exists, however, it frequently causes the arbi- 
tration expenses to influence the action of the board in a needless and 
unwarranted manner. It is felt, for instance, in the case of a member 
with modest resources who may have been honestly mistaken as to the 
value of the destroyed property, that circumstances justify the rais- 
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ing of the previous award of the company by a very small amount in 
order to throw all expenses of arbitration upon the party which can 
better afford to bear them. Such action, however, is decidedly unfair 
to the company. The addition to the award and the expenses of 
arbitration may not in themselves be serious considerations, but by 
having its original award set aside the company’s reputation for 
fairness in the settlement of its losses is unjustly undermined. 

The damage by fire or lightning to a given piece of property often 
appears to the owner much more serious than it really is. For this 
reason a provision to the effect that the company may satisfy the 
claim against it by repairing or rebuilding frequently proves of‘value. 


RESERVE. 


The question of whether a farmers’ mutual insurance company 
should aim to establish and maintain a reasonable reserve fund is 
closely related to the question of advance or post assessment already 
discussed. The reserve problem, however, leads still. further into 
the question of how far the farmers’ mutuals shall imitate the plan 
now imposed by law upon all capital-stock insurance companies and, 
in general, upon larger mutuals; namely, that of maintaining a cer- 
tain reserve proportionate to the amount of business transacted. It 
is frequently held that to build up a reserve fund deprives the mem- 
bers of capital which each member might as well have in his own 
possession until it is needed by the company. The truth of the 
argument, so far as it goes, must be conceded. However, the neces- 
sary additional amount to be contributed by each member in order 
to build up a reasonable reserve is so small that it can not affect 
seriously the business operations or the prosperity of the individual 
members. 

A reasonable reserve in the treasury of the company, on the other 
hand, performs a very useful function by equalizing the assessment 
from year to year. In case unexpectedly heavy losses should be ex- 
perienced it may thus prevent dissatisfaction on the part of the mem- 
bers. In an extreme case it may even save the company from dis- 
solution. The opinion appears to be growing among farmers’ mutual 
insurance men that under a plan of annual assessments a reserve 
of about $3,000 per million of insurance in force is useful as a shock 
absorber in the loss experience of the company. 


AMENDMENT OF BY-LAWS AND ARTICLES OF INCORPORATION. 


The by-laws, as well as the articles of incorporation, should pre- 
scribe carefully the method of their own amendment. A reasonable 
permanency in the company’s plans and methods doubtless requires 
that something more than a mere majority of favorable votes should 
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be necessary to bring about an amendment. The percentage of 
favorable votes required should not be so large, however, that a rela- 
tively small number of members, aided by mere inertia or the atti- 
tude of opposition to all change on the part of other members, can 
block a desirable reform. A three-fifths majority represents a suit- 
able requirement for amendment to the by-laws. The majority re- 
quired for change in the articles of association logically should be 
slightly higher. Even here, however, two-thirds rather than three- 
fourths is believed to constitute a reasonable majority. 

No amendment should be passed without due warning to the mem- 
bers that a change is contemplated. Such warning may be provided 
for by requiring that a notice of a proposed amendment shall be sent 
to every member a reasonable time before the meeting at which the 
amendment is to be considered. This special notice may properly be 
omitted only when an amendment has been formally acted upon 
and recommended by a majority vote at a regular or regularly 
called meeting of the members preceding that at which final action 
is ogni 


SUGGESTIVE ORGANIZATION AND BUSINESS FORMS. 


The accompanying suggestive articles of incorporation, by-laws, 
application, and policy embody the principles emphasized in the pre- 
ceding pages. In many States it will be necessary to modify them to 
conform to local conditions and to comply with legal requirements. 
The advice of the State insurance commissioner should be freely 
sought in all cases of serious doubt. Especially is such consultation 
necessary when the question concerns the laws, or the interpretation 
of the laws, regulating insurance in the State. Even when changes 
are necessary, however, it is believed that the accompanying sug- 
gestive organization and business forms will be found useful.! 


1So far as its facilities permit, the Office of Markets and Rural Organization of the 
United States Department of Agriculture is ready to assist individual rural communities 
both in the formation of new organizations and in the improvement of existing insurance 
companies. 
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ARTICLES OF INCORPORATION. 


FARMERS’ MutTuAL Frre INSURANCE COMPANY. 


We, the undersigned, residents of County, State of , who 
severally own property within said County, having a total insurable 
value of dollars, which we desire to insure, said property consisting of 
separate risks, hereby associate ourselves together as a body corporate, 
and for that purpose subscribe to and adopt the following articles of incorpora- 
tion: 

ARTICLE I, The name of the corporation shall be 
Insurance Company. 

Art, IJ. The principal office of this company shall be located in 

Art. III. The business of this company shall be to safeguard its members, so 
far as possible, against property losses by reason of fire or lightning, and to 
distribute among all the members, on the mutual-insurance plan, any loss by 
fire or lightning which may occur in spite of all reasonable precautions. 

Art, IV. The business territory of this company shall be confined to 

Art. V. Membership in this company shall be limited to persons who own or 
have a substantial interest in farm or country risks or similar detached risks 
within the limits of cities and villages which may be insurable under the rules 
pf the company, in compliance with the laws of the State of 

Art. VI. The management of this company shall be vested in a board of 
nine (9) directors, who shall be elected for such term and in such manner as 
the by-laws shall provide. 

Art. VII. These articles of incorporation may be amended by a two-thirds 
vote of the members present at any annual meeting or any regularly called special 
meeting (a quorum being present), at least thirty (80) days’ notice of such 
proposed amendment having been given. 

Art. VIII. The duration of this corporation shall be years. 

Art. IX. Until the first regular meeting of the members, the following shall 
act as a board of directors: 


Farmers’ Mutual Fire 


(Name. ) (Address. ) 
1, ‘ 
a 
34 
£te. 
Signed (by incorporators) : 
(Name.) (Address. ) 
1. 
2. 
3. 
Ete. 


A FARMERS” MUTUAL FIRE INSURANCE COMPANY. 21 
BY-LAWS. 
IARMERS’ MUTUAL TIRE INSURANCE COMPANY. 


SECTION 1. Purpose. 

- The purpose or object of this company shall be to protect its members against 
property losses from fire cr from lightning. In the accomplishment of this 
purpose the company shall employ the following means: 

First, careful periodic inspection of the property insured, followed by advice 
and warnings against fire dangers, and, when necessary, by orders for the im- 
provement of bad risks; also, so far as possible, the general enlightenment of 
its members on matters of safe construction and proper maintenance and care 
of property in order to avoid danger of loss or damage. 

Second, the distribution among its members on the mutual-insurance plan 
of any loss caused by fire or lightning which may occur in spite of all reason- 
able precautions. 

Sec. 2. Property that may be insured. 

This company shail insure only farm or country property consisting of de- 
tached dwellings and their contents; farm buildings, including silos, and their 
eontents; farm machinery; vehicles; grain and hay in bin, stack, or loft; and 
live stock; and detached risks of similar hazard within the corporate limits of 
cities or villages, not less than 1600 feet distant from all other risks in places 
lacking adequate fire protection, and not less than 50 feet distant in places 
having efficient fire protection: Provided, That no property of any class not 
considered reasonably safe by the board of directors or their representatives 
shall be insured: And provided further, That old and dilapidated structures, 
buildings wherein fire is used and the flues are defective or dangerous, paint- 
ings, jewelry, money, or securities or other evidences of ownership or of credit, 
shall in no case be insured by this company. 


Sec. 3. Membership and meetings. 


(a) MeMBERSHIP.—The membership of this company shall comprise all per- 
sons who have property insured therein. J 

(b) ANNUAL MEETING.—The annual meeting of the company shall be held on 
the third Tuesday in January of each year, in the city of ————. The exact 
place and hour of meeting shall be designated by the executive committee here- 
inafter prGcvided for. Notice of such meeting shall be sent by the secretary to 
each member at least 15 days before the date of the meeting. 

(c) SPECIAL MEETINGS.—Special meetings of the company shall be called 
whenever the board of directors by a two-thirds vote shall so order, or when- 
eyer one-fourth of the members shall petition for such meeting. 

(d) VoTINe PRIvILEGE.--Hach member shall be entitled to one vote on all 
questions arising at the annual or special meetings of the company. No vote 
by proxy shall be allowed. 

(e) Quorum.—At all annual or special meetings of the company 15 members 
shall constitute a quorum, 
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Sec. 4. Directors. 


(a) ELEcTION AND TERM.—At the first annual meeting of the company nine 
directors shall be elected to succeed those designated as a temporary board 
in the articles of incorporation. The directors so chosen shall be divided by 
lot into three classes of three directors each. Those in class 1 shall hold office 
for one year; those in class 2 for two years; and those in class 8 for three years. 
At all subsequent annual meetings three directors shall be elected, to hold 
office for a term of three years, or until their successors are elected. 

(b) METHOD OF FILLING VACANCIES.—Vacancies in the board of directors may 
be filled temporarily by the remaining members of the board. Persons so 
chosen shall hold office until the next annual meeting, when such vacancies 
shall be filled by election for the unexpired term. 

(c) PowERS AND DuUTIES.—The board of directors shall have charge of all the 
business of the company. They shall hold meetings at such times and places 
as they deem necessary. They shall elect the officers of the company. They 
shall direct the levying of all assessments and shall appoint, or authorize the 
appointment of, all inspectors, adjusters, and other employees of the com- 
pany. They may divide the business territory of the company into districts 
and apportion among themselves the agency and supervision of these districts 
in such manner as will best serve the interests of the company. They shall 
designate depositories for the company’s funds. 

(d) QUORUM AT BOARD MEETING.—Five directors shall constitute a quorum 
at a board meeting. 


Sec. 5. Officers. 


(a) TITLES, ELECTION, AND TERM.—The officers of this association shall con- 
sist of a president, a vice president, a secretary, and a treasurer, and shall 
be elected by the board of directors from their own number: Provided, That 
the office of treasurer may, by a two-thirds vote of the board, be filled by any 
competent and trustworthy person without reference to other connection with 
the company. If the treasurer is not a director, he shall attend and be 
heard at the meetings of the board, but shall have no vote at such meetings. 
Hach officer, unless removed by a two-thirds vote of the board, shall hold 
ofiice for one year or until his successor has been elected and qualified. 

(b) DUTIES OF THE PRESIDENT.—The president shall preside over all meet- 
ings of the board of directors. He shall aiso call to order all meetings of 
the company and shall preside until a temporary chairman has been elected. 
He shall sign all policies, vouchers, or orders issued by the company, and 
shall perform such other duties as are usually performed by such officer, 
or as the board may assign to him. It shall also be his duty to see that the 
auditing committee hereinafter provided for does its work, and to fill by ap- 
pointment any vacancies in this committee that may oceur. 

(c) Duties OF THE VICE PRESIDENT.—The vice president, in addition to his 
duties as a member of the executive committee hereinafter provided for, shall 
perform all the duties of the president during the absence or inability of that 
officer. , 

(d) Durtres or THE sEcRETARY.—The secretary shall keep a complete and 
accurate record of all transactions of the company. He shall write and sign 
all policies, vouchers, or orders issued by the company. He shall, under the 
direction of the board of directors, have charge of the levying of all assess- 
ments and the collection of these assessments and any other money due the 
company, and shall turn over all money so collected to the treasurer. He 
shall make a complete and accurate report of the year’s business at each 
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annual meeting of the company, and shall perform such other duties as the 
board may assign to him. 

(e) DUTIES OF THE TREASURER.—The treasurer shall, under the direction of 
the board of directors, have charge of all the funds of the company. He shall 
deposit said funds in the depository or depositories designated by the board, 
He shall pay all vouchers or orders properly attested by the secretary and the 
president and shall make a complete and accurate report of the finances of the 
company at each annual meeting. 

(f) Bonps.—The secretary and the treasurer, before entering upon their 
respective duties, shall each give bond in such sum and in such form as shail 
be required by the board. 


Sxc. 6. Committees. 

(a) HXEcUTIVE COMMITTEE.—The president, secretary, and vice president shall 
constitute an executive committee, which shall exercise such powers and per- 
form such duties aS may be delegated or imposed by the board of directors, or 
as in these by-laws provided. 

(b) AUDITING COMMITTEE.—The members shall at each annual meeting elect 
two competent persons, who, together with a third person selected by the board 
from their own number not later than December 31 of the current year, shall 
constitute an auditing committee. Said committee shall audit carefully all 
hooks and accounts for that year and report their findings at the next annual 
meeting. A special audit of such books and accounts by an expert accountant 
may be ordered by the members at any annual meeting or any regularly called 
special meeting. Such special audit may also be ordered at any time by the 
board of directors. 


Sec. 7. Salaries. 

(a) SALARIES OF DIRECTORS.—Hach director shall receive $2 per day and neces- 
sary expenses for such time as he actually spends in transacting the business 
of the company. The compensation for taking applications for insurance shall 
be equal to the policy fee provided for in section 12, and no per diem shall be 
allowed directors for such services. 

(b) SALARIES OF OFFICERS AND EMPLOYEES.—The officers and employees of the 
company Shall receive such reasonable compensation as the board of directors 
shall determine: Provided, That no officer who is also a director shall receive 
pay both as a director and as an officer for the same service. 


Sec. 8. Applications for insurance. 

(a) RECEIVING APPLICATIONS.—It shall be the duty of the directors, each in 
his own community, or in such district as the board shall designate, to receive 
and at their diseretion to solicit applications for insurance from all persons of 
good character and reputation who are the owners of property insurable under 
the rules and regulations of this company. All such applications must be ap- 
proved and signed by the director before being forwarded to the secretary and, 
unless otherwise ordered by the board, must be accompanied by the policy fee 
and initial premium hereinafter provided for. Before indicating his approval 
of an application the director shall satisfy himself by means of careful personal 
inspection and survey that the description of the property is correct and that the 
risk is in all respects a desirable one; or if serious defects are found he shali 
see that these are remedied before his approval is given. In case of less danger- 
ous defects that can not be readily remedied, or that the owner is unwilling to 
go to the expense of removing, the director shall, if it seem to him proper, give 
the application his conditional approval. accompanying the application with a 
full and accurate statement of his reasons for such conditional approval. 


——EEE——- —— 
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(b) FINAL APPROVAL BY THE COMPANY.—An application reaching the secretary 
with the conditional approval of a director shall be passed upon by the executive 
committee before a policy is issued to the maker of such application. An applica- 
tion received with the full approval of a director may, unless the board other- 
wise orders, be passed upon by the secretary, who; in case no errors or incon- 


_ sistencies or other reasons for delay or for reference to the executive committee 


are discovered by him, shall promptly issue a policy on the basis of said applice- 
tion and forward such policy to the applicant. 
Sec. 9. Special inspection of property. 

At least once every three years the property insured shall be thoroughly 
inspected by a competent person employed by the company as special inspector. 
Said inspecter shall carefully examine the fiues of all dwellings or other pbuild- 
ings wherein fire is used, note the placing and the condition of stoves and fire- 
places and the disposition of ashes therefrom, inquire into the system or method 
of lighting buildings, examine all lightning rods, and ascertain if fences are 
properly grounded. He shall take careful notice of any and all defects or 
dangerous practices. He shall also note the presence or absence of means of 
combating a fire, such as readily available water supply, or chemical extin- 
guishers, and suitable ladders by means of which the top of the roof can be 
quickly reached. He shall advise with the insured concerning the general im- 
provement of the risks, and shall recommend specific measures for the removal 
of conditions materially increasing the hazard thereof. He shall report to 
the company, upon blanks furnished him for that purpose, the condition of each 
member’s risk or risks, together with the recommendations, if any, made by 
him for the removal of dangerous conditions. Refusal or neglect on the part 
of the insured to carry out specific recommendations of the inspector may, in 
the discretion of the board of directors or their representatives, be made cause 
for the cancellation of his policy or policies. 

Src. 10. General conditions of insurance. 

(a) TERM OF POLICy.—Except as hereinafter provided, all policies shall be 
written for a term of five years, and shall date from the date specified in 
the application, An application which has the full approval of a director 
shall cause the insurance applied for to be in full force and effect from the 
date specified therein, unless and until such application is rejected by the 
executive committee and notice thereof given to the applicant. An application 
with the conditional approyal of a director shall impose no liability upon the 
company until approved by the executive committee. 

(b) LIMITS TO THE AMOUNT OF INSURANCE.—The directors of this company 
shall exercise due care to prevent the insurance of any property for more 
than three-fourths or less than one-half of the cash value of the property: 
Provided, That until the company has $500,000 of insurance in force no single 
risk or group of property subject to one and the same fire shall be insured 
for an amount greater than $1,500, nor shall such maximum single risk exceed 
$2,000 until the company has $1,000,000 of insurance in force, nor shall it 
later exceed two-tenths of 1 per cent of the insurance in force: And provided 
further, That the insurance placed on live stock shall not exceed an amount 
per head of $200 on horses, $60 on cattle, $15 on hogs, and $10 on sheep. 

(c) LIABILITY OF THE CoMPANY.—This company shall in no case be liable 
for loss or damage from other cause than that of fire or lightning, nor for 
more than the actual cash value of the property at the time of the loss, nor 
shall it be liable for loss caused directly or indirectly by invasion, insurrec- 
tion, riot, or civil war, or by order of any civil’ authority. If a building or 
any part thereof fall, except as the result of fire or lightning, the insurance 
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by this company on such building, or on its contents, shall immediately cease. 

(d) Lrasrniry oF THE INSURED.—The liability of the insured shall be limited 
to his pro rata share of the losses and expenses of the company, plus a 
reasonable contribution to the reserve. 

(e) JOINT OR CONCURRENT INSURANCE.—Property insured in this company 
shall not be insured in other companies except with the written consent of 
this company. Where joint insurance is permitted, this company shall be 
liable only for such part of the loss as the insurance carried in it represents 
of the total insurance carried on the property, whether the insurance carried 
in the other company or companies is valid or not. 

(f) INSURANCE TO BE SPECIFIC.—Buildings shall be separately described, 
and the value of each building and the amount of insurance thereon shall 
be stated in the application and in the peclicy. The value of each class of 
other property and the amount of insurance thereon shall be similarly stated. 

(g) FALSE STATEMENT BY APPLICANT.—A false description of the property by 
the applicant or any false statement by him, either in regard to ownership or 
relative to any other material fact, shall render the insurance on the property 
in question void. 

(h) SALE OF PROPERTY AND TRANSFER OF PoLIcy.—The sale of insured prop- 
erty Shall immediately suspend the insurance thereon, and unless application 
for transfer of the policy is received and accepted within 10 days after the 
date of sale, the policy shall be canceled. A policy may be transferred or 
assigned by obtaining the consent of the company and paying a fee of 50 
cents. 

(i) REMOVAL OF PROPERTY AND CHANGES IN FORM OR USE.—The permanent 
removal of personal property, or any change or alteration in the form, occu- 
pancy, or use of a building affecting it as a risk by increasing the fire hazard, 
shall render the insurance thereon void, unless the consent of the company 
has been previously obtained for such removal or change. 


Sec. 11, Reduction and cancellation of insurance. 

(a) ACTION BY THE INSURED.—A member may at any time, upon written 
request to the secretary and the payment of all valid claims against him, 
have his policy canceled. He may also, upon showing cause, have the amount 
of his policy reduced. 

(b) AcTION BY THE cCoMPANY.—The company may, upon five days’ notice, 
for refusal to remedy dangerous conditions, or for any other cause- deemed 
sufficient by the board of directors or their representatives, cancel any policy 
or any part thereof. 

(c) RETURN OF UNEARNED PREMIUM OR ASSESSMENTS.—When cancellation 
takes place at the request of the insured the company shali return such part 
of the premium or last regular assessment as remains after the deduction of 
one-eighth thereof for each month or major fraction of a month that has 
elapsed on the current policy year: Provided, That should the pro rata cost 
of insurance for such period exceed the short-term rate above prescribed, the 
actual pro rata cost shall be deducted. When cancellation takes place at the 
initiative of the company, such part of the premium or regular assessment 
shall be returned as is proportional to the unexpired part of the current policy 
year. 

Src. 12. Fees and assessments. 

(a) PoLicy FEE AND INITIAL PREMIUM.—A policy fee of $1.50 and an initial 
premium to be fixed by the board shall be paid by the applicant, or satisfac- 
tory security for their payment shall be given by him, at the time of making 
application for insurance. For additional insurance a member shall be charged, 


26 BULLETIN 530, U. S. DEPARTMENT OF AGRICULTURE. 


in addition to the initial premium, a policy fee of 75 cents when the additional 
insurance applied for is $500 or less, and $1.50 when the sum applied for is 
greater than $500. 

(b) REGULAR ASSESSMENT.—Not later than October 20 of each year the board 
of directors shall determine the rate of assessment for that year, basing such 
rate upon past experience as to the needs of the company. Said assessment 
shall be due on or before November 30 of the same year. Policles written on 
or after December 1 of the previous year and before June 1 of the current year 
shall be subject to the regular assessment of the current year. and to three 
succeeding regular annual assessments. Policies written on or after June 1 
of the current year and before December 1 of the current year shall be exempt 
from the regular annual assessment of that year, but shall be subject to four 
succeeding regular annual assessments. 

(c) SPECIAL ASSESSMENTS.—Should unexpectedly heavy losses occur which can 
not be met by the funds on hand, supplemented at the discretion of the board of 
directors by a sum not exceeding two-tenths of 1 per cent (1%) of the in- 
surance in force, which may be borrowed, a special assessment shall be levied 
on all policies in force at the time of such loss or losses. 

(d) NovricE oF ASSESSMENT.—Not later than November 1 of each year the 
secretary shall, by letter directed to the post-office address given in the appli- 
cation, or to the latest address, if he has been informed of a change, notify 
the member of the amount due from him. He shall also include with this 
notice such information bearing upon the business of the company as may be 
considered of practical interest and value to the member. Should the member 
continue to neglect or refuse to pay such assessment for 10 days after the 
assessment has become due, the secretary shall send by registered mail a second 
notice, adding 25 cents to the assessment to cover the extra work and expense 
occasioned by the member’s neglect. 


Sec. 18. Suspension, forfeiture of membership, and reinstatement. 

(a) SUSPENSION OF PoLIcy.——The sending of the two notices described in 
paragraph (d) of section 12 shall constitute legal notice, and unless payment 
is received within 10 days after the sending of the second notice the policy in 
question shall stand suspended until the assessment is paid. The company 
shall not be liable for any loss suffered by the holder of such policy during the 
period of suspension, nor shall the later acceptance of the full assessment 
render the company liable for such loss. The part of the assessment corre- 
ponding to the cost of insurance for the period during which the policy was 
Suspended shall be considered a penalty for delinquency. 

(b) ForFEITURE OF MEMBERSHIP.—One month after the second notice, a policy 
still remaining suspended shall be canceled, and the holder shall be dropped 
from membership in the company. Such cancellation shall in no way release 
the former member from any debt already incurred to the company. 

(c) ReINsTATEMENT.—A person having forfeited his membership under the 
provisions of paragraphs (a) and (b) of this section may, at the discretion of 
the board of directors, upon proper application for reinstatement, the payment 
of past dues, if any, the acceptance of a new policy, and the payment of the 
regular policy fee and initial premium, have his membership restored. 

Sec. 14. Classification and rates. 

(a) CLASSIFICATION.—Property insured by this company shall be classified as 

follows, the contents of buildings taking the same classification as the 


' Where the State law specifically provides the manner in which the insurance liability 
may be terminated and no suspension of a policy is provided for, direct cancellation 
without previous suspension may be necessary. 
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building in which they are kept: Provided, That the board of directors shall 
have power to prescribe rules under which kinds of property not specifically 
hereinafter enumerated may be placed in one or the other of the following 
classes, or in additional classes created by the board. 

Class A.—Brick or stone dwellings with roof of slate, metal, or other non- 
combustible naaterial, when properly rodded against lightning. 

Class B.—Brick or stone dwellings with wooden roof, when properly rodded. 

Wooden dwellings with roof of noncombustible material, when properly 
rodded. 

Unrodded brick or stone dwellings with roof of noncombustible material. 

Class C._—Wooden dwellings with wooden roofs, when properly rodded. 

Unrodded brick or stone dwellings with wooden roof. 

Unrodded wooden dwellings with roof of noncombustible material. 

Granaries, corn cribs, and hog houses located not less than 100 feet from the 
dwelling, nor less than 50 feet from the barn, such buildings being properly 
rodded in all cases where the insurance applied for is $200 or more. 

Live stock not pastured during the summer months except where all fences 
are properly grounded. : 

Ciass D.—Barns properly rodded. 

Unrodded wooden dwellings with wooden roofs. 

Granaries, corn cribs, and hog houses located nearer the dwelling or the barn 
than as specified for Class C, or lacking the lightning protection required for 
that class. 

Live stock pastured during the summer months where fences are not properly 
grounded, 

Class H—Unrodded barns and other property deemed to be of similar hazard. 

(b) INITIAL PREMIUM RATES* AND BASIS OF ASSESSMENT.—The rates of initial 
premium for the various classes of property shall be determined by the board of 
directors, and shall be so adjusted as normally to cover one year’s cost of in- 
surance together with a reasonable contribution to the reserve. Assessments 
shall also be determined by the board, shali be based on the initial premium, 
and shall constitute a fixed percentage thereof, being equal to, greater, or less 
than 100 per cent, as the needs of the company may require. 


Suc. 15. Losses. 

(a) PREVENTION OF Loss.—It shall be the duty of the insured to cooperate 
with the company in making his property as safe from loss as may be reason- 
ably possible. In case of fire he shall use his best endeavors to save his property 
and to protect from further damage such parts thereof as are not destroyed. 

(b) Noricr oF Loss.—A member incurring a loss shall immediately notify the 
eompany, and the latter shall promptly provide for the adjustment of such loss. 

(c) STATEMENT OF LOSS.—It shall be the duty of the insured, when so re- 
quired by the company. to make a complete and sworn statement of the loss in- 
curred by him. Such statement shall include a complete list of the property 
‘lost or damaged and the value thereof before the loss occurred, and shall in- 
dicate the time of the loss, the member’s knowledge or belief as to the cause 
of the loss, and if by fire, his knowledge or belief as to how such fire originated. 

(d) SETTLEMENT OF DISPUTED CLAIMS.—In case of disagreement between the 
adjuster or adjusters and the member sustaining the loss, the company and 
the insured shall each select one person, not an officer or director of the com- 
pany nor a relative of the insured, and the two so chosen shall select a third. 
These three shall constitute a board of arbitration, and their award shall be 


1 Suggested rates for the classes of property above outlined may be found in the appli- 
eation form (p. 30) under “ Summary.” 
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final and binding upon both parties. The members of the board of arbitration 
shall be compensated on the same basis as is provided for directors, and the 
costs of this board shall be borne equally by the company and the insured. 

(e) CoMPANY MAY REPLACE OR REBUILD.—The company reserves the right to 
repair, rebuild, or replace any building or other property damaged or de- 
stroyed: Provided, That such repaired, rebuilt, or replaced property shall be of 
2 value equal to that of the insured property immediately before the loss oc- 
surred. 

(f) PAYMENT OF LOSSES. 
of adjustment. 


Losses shall be paid within 60 days after the date 


Src. 16. Reserve. 

It shall be a part of the working plan of this company to build up and to 
have on hand a reserve fund of three-tenihs of 1 per cent (3/10%) of the in- 
surance in force. 

Sec. 17. Amendments. 


The by-laws of this company may be amended by a three-fifths yote of the 
members present at any annual meeting or any regularly called special meet- 
ing (a quorum being present), provided notice of the intended amendment has 
been given in writing to the secretary in time to be included with the notice 
of such meeting, or provided the submission of such amendment was proposed 
and approved by a majority vote at the previous annual meeting. It is specifi- 
cally provided and agreed that any amendment so passed shall immediately 
upon its passage affect and become a part of all outstanding policies, as well 
as of those issued after such amendment is made. 


i The provision in regard to the force of the action of the arbitration board, though in 
general use by existing companies, may in some States have to be omitted because of 
conflict with State laws. 
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Form for outside of application: 


Nana oe 


APPLICATION 
for 
Insurance in the 


—_—. Farmers’ Mutua 


Fire Insurance ComMPANy 


of 


made by 


Address. 


Amount of insurance 
Policy fee 
Tnitial premium 
Total 

Agent’s approval: 


This application has my approval. 
Full or conditional. 


Signed 


Norer.—lIf your approval is conditional, be sure to give your 
reasons in a letter to accompany the application. 


Officially accepted and ordered led 1 ahr Seek ae 


rejected returned 
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Form for application. 


APPLICATION. 
I, the undersigned, owner of the property hereinafter enumerated and described, located on the eae 
1 of the ...:.. 4 of section .... of ...... township, ...... County, in the State of ...... , hereby apply ta 
Te Farmers’ Mutual Fire Insurance Company for insurance on said property in the respec- 
tive sums indicated, said insurance to be in effect from the ...... aay (0! (7-2... , 191.., at noon, to 
the ssesc. day of ...... , 192.., at noon. 
as Tnsur- 
Value. ar Class. 
Dwelling built of ...... WAU. Sse TOOL TAM eee eg BeaLT, LOCC ee mee eee eee ete eee eee 
fouseholdigoodsanid'welling:.< | 2. 5.5.2 .2- saeco - « - ss sie eee eine eee | erate ae ee | eee ele ae 
iWearing/apparelin dwelling... . 2 s/21c<...qjesjajslemomeinilsisis + «'+ os cist ee seine ee se ree | ean Se eet espe 
PYOVISlONSI TE GWellin elon. - sem aes seer ls «a= Eee eee - = = =e ee eee | Se eee eters eee 
Musical instruments inid welling) as foHOws:----aseseeee- - - 124 -e ees see er Ree en eee eens peers 
Summer kitchen}... ft. by .-..ft., .... £. poster ims serepair.. 0250 sen seo hn. ie eign emmeseein eu et 
Wood hotse 2.2.2. by 2. tt., ..~. ft. posts, im Sere pair....6 29s Cee eae eee eee 
Granery built of .....- swith 225055: roof,in...... pepair; rodded? ..: :caneee loo ce ete eee 
Contents of above-mentioned granary . - ....)--= -ceeteerne:. - «s/h > Sepp eRe Dee ne Eee nero e ee neers seman 
Cornerib..... ft. by... ik., -. st. posta, Amn. soe Repoet. —. <n. eae aaa pe 
Contents of above-mentioned cornicrib: 2255... seer aa- <= - - eee eee Ree eee Serer eee Pee eee eeeleseeee 
Hog house . ... ft) by s.0fbs, .~s.kts posts, kris l. Sammie . . — <2 al meee meee ease mune eee nai 
Machine'shed 5/207 dec 22s 5d 2 eh ea oc lscc i e Oe = = Sa nent eae | eee SF al eesti | aera ie 
Harm implements ang GOO ao. 2 a)-reim a n\eiatm <1n)=t= = ee = = = = 22a eee eel ee eee se eee (Serene See 
Wagons, carriacesvand! Narness. -o.o)6./5\s.-<.= 1 claire ene == =) =e sme Sea ee Eee ee ee aera eee 
Horses'and)mules;iiumber! 527.2 22.2228 b/s: Cees 2 2 ee ee ee eee 
Cattle jmumiber. S222 252 25. sj. ccc n nee s ese =e 22s = Soe EES <2 =~ = Cee eee eee ee eee 
Barn built of ......, with ...... roof,in-- 
Hay and grainin above-mentioned barn............ 39> SERA RARE Coa o Rema eiske ace os 
Silo with contents, diameter ....ft., height ....ft.,in -..... repair: 3 See ee eee eal eee 
DENG See See Bee See hatece Ube TS ota 2 oe ee ee > 3 va eee fagteaee a ej earases pa 
Further descriptions. SUMMARY. 
Dwelling—main part, .... ft. by .... ft., ....ft. posts, .... stories, built 
hs Poems ; with wing or attachment .... ft. by .... ft., .... ft. posts, 
-built in ...... ; finished rooms ...., unfinished rooms ....; foundation | Tnsur- Le 
....--; number of chimneys ....; material ...... , resting how? ._.... ; | ance by |/ Class | Initial 
are stove pipes properly insulated where passing through partitions or | Jags, and rate. |premium. 
ceilings? ...... ; disposition of ashes ...... ; lighting system ...... : 
occupied by ---b.-. = satay 
Granary—main part, ...-ft. by .... ft., .... ft. posts, built in ...... 5 A 15 
with attachment or lean-to .... ft. by .... ft., .... ft. posts, used for |°°~-=77">" ay ON) cae 
Barn—main part, te. by 1122 ty VV posts, Built in 177220) with [---------- Cee 
attachment or lean-to .... ft. by ....ft., .... ft. posts, used for ........ |7°°-""""7- lips Ceaearyn bes cece 
freteenseee| Motaley serene <= 


I hereby accept and subscribe to the articles of incorporation and the by-laws of the Farmers’ 
Mutual Fire Insurance Company, and in consideration of the above-stipulated insurance bind myself 
my heirs and assigns, to pay my pro rata share of all losses and legitimate expenses incurred by sai 
company while said insurance remains in foree. I also affirm that the valuations, statements, and 
descriptions given in this application, are to the best of my knowledge and belief, correct. 


Dated this ...... day of ...... i (:) | ie) EPR 8 52 so 4e sc qoUS sso dsoRaae 
Address, 


A FARMERS’ MUTUAL FIRE INSURANCE COMPANY, oa 


Form for diagram of farmstead, to go on application: 
DIAGRAM OF THE FARMSTEAD. 


Assuming the dwelling to be located at the point so labeled, indicate the 
location of the other buildings on the place in a Similar manner, giving the 
distance from the dwelling and from each other. Buildings not insured, if 
any, Should be indicated by means of a. cross over the square, thus: 


N. 


W. Oo K. 


Dwelling. 


S. 
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Form for outside of policy: 


No. ——. 
POLICY 
Issued by the 


Farmers’ Murua 


Firr Insurance Company 


of pels 
Yo) Naa ara eee aS 2 Sed ee 
Ofaee wR RRR 1 2 
Amount of insurance, Snes sles 
Policy fee, $e 
Initial premiums, oa 


Total, oye, <2 


WITS = Se teers SES eee | eae Pied t° Ye: 


Application taken by 


A FARMERS’ MUTUAL FIRE INSURANCE COMPANY. oe 


Form for policy: 
FARMERS’ MUTUAL FIRE INSURANCE COMPANY x 


LOCATED AT 


In consideration of the agreement contained in the application and of ...._. dollars ($...... ), duly re- 

ceived, does insure ..........--.--- Ole eee , Subject to the provisions of its by-laws, for a term of ...... 
Name of insured. Address. 
years, from the ...... Gayioiee eas , 191.., at noon, to the ...... dayiot eye. , 192_., at noon, against ail 
direct loss or damage by fire or lightning, except as in said by-laws provided, to the hereinafter-described 
Property, located on the ...... #4 of the ...-.. % of section ...... ODE. <3 township, ...-.-. county, State 
Ofertas 
Insur- 
Value. Brae Class. 

Dryeluinodeschibediandundicated injapplicahign.- 2. accesses esac eae seers) soe eeeleece esse celhen eee 
FENCES TONLE rexnyaya teh stalh aby ey N aay se AEN Sr eae 1 eR ac estes ae en aa ee La 
Mueaniicran panclamidyelbing ses seen iiss Maem 29 enero ae bal Maia e An peu 
ETON BSIO LORE CWC LUITA Sees meets ec oct eestor ce cots oie sini =o 5 cP eR EE ESS Bieler es oiers Sees telco cee Oh oes 
Musical instruments in dwelling, ds follows: ......--..-..-------------- Sa eat ateaa Gly nineties. eeae 
Summer kitchen, described and indicated in application.......-...2.2.2...... Sr oe 
Woodhouse, described and indicated in application...........---.....-.----.|......----|..--------|..---- 
Granary, described and indicated in application....2- 22202). 2 lel rooms 
Cantontsousbove-mMentioned srananyae ses asst. s.- + sae nlee emesis eee sere fing ease NEE See ee 
Corncrib, described and indicated in application..............0002.0000000000[loilicli flit. 
Contents of above-mentioned cornerib.........-...-.----+--- aE Ry aN ch i oil (Be LO a ees 
Hog house, described and indicated in application. .----2 2222222 22st flee ieee eee elee eee 
INTEC nay SGC She seecide ce Sob Ue ROU BD CHE Soe eS 6 CURB ERE EES OCOHC Son eC OC mer Een Maren erry Paes metaenal een er 
PARMPIMpeMnVentsianGrbOOlsees ee - eee ewe... 2 I ee See a ee EM heap ale rine 
\WEioims,, Ceiiaees, Giael Mens. oes Sea oe coe. ChaBE eee ecur - vec seeooeueboes Hollsacneocdeselladcqsseecc|ooscnc 
TENG OS UOC! TANI MTU BGO OS eo ae le ak oe ed ed I ER se pe ee tener a SL lmnop een 
CE yrEl@, THUAN RSA Sn SO SES Oe era eee es oe ee eam mR 8 UPR Be eS ee eva Keer gers Ey Nell essere 
Barn, described and indicated in application .....................-------..-| 
Hay and grain in above-mentioned barn......._...........-.---------------- 
Silo with contents, described and indicated in application...............-.... [esse ieee Bilas ae ll pa 


SUMMARY. 
Insur- Initial 
Class 

ance by * pre- 
class. |20¢zate.| minum 
LTR Pa A Pe) ial nea eee 
BN cys ates Bio OQ gle ae sepa 
= ol LAS ee ee Ce aon eee een, 
ses Sis crcee ets DeeeNBSa eee coe 
ge Dra aeoae Se ie AO MI Mesos ar oe 
Bes ay MOtAISHs ea sea 


And said company promises and agrees to indemnify the insured against loss or damage from the above 
mentioned causes, in the amounts above Specified, not exceeding a totalsum of $ ...... , Nor in any case 
exceeding the cash value of the property immediately before the loss or damage occurred. 

In witness whereof the Farmers’ Mutual Fire Insurance Company has executed and attested this 
policy on this -..... day of ...... 9 giles ce 


Secretary. 


34 BULLETIN 530, U. S. DEPARTMENT OF AGRICULTURE. 


Form for assignment, to go on policy: 


Norice.—No assignment of this policy shall be valid until approved by the 


company. 
ASSIGNMENT. 


For value received, I hereby transfer, assign, and set over unto 
AAG ewe _ tod assigns all my rights, title, and interest in this Policy of In- 
surance, and all benefit and advantage to be derived therefrom. 


Witnessimy hand this === day, of 2ee=: __, Lutes 


Approved at —~-__-. 


ADDITIONAL COPIES 


OF THIS PUBLICATION MAY BE PROCURED FROM 
THE SUPERINTENDENT OF DOCUMENTS 
GOVERNMENT PRINTING OFFICE 
WASHINGTON, D.C. 

AT 


5 CENTS PER COPY 
Vv 


BULLETIN No. 531 


Y 


Contribution from the Bureau of Piant Industry 
WM. A. TAYLOR, Chief 


Washington, D. C. PROFESSIONAL PAPER May 28, 1917 


RHIZOPUS ROT OF STRAWBERRIES IN TRANSIT. 
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INTRODUCTION. 


The increased production of strawberries in the Southern States 
has resulted in large shipments to northern markets. These ship- 
ments have been attended by great losses, due to the decay of the 
fruit in transit and on the market. In the hope of obtaining infor- 
mation which will assist in reducing this large annual loss, Dr. C. L. 
Shear and the writers began, in 1915, a study of the organisms and 
conditions causing decay of strawberries after picking. 

This study has included field observations in the principal straw- 
berry-growing regions of Florida, Louisiana, North Carolina, Vir- 
ginia, Maryland, and Delaware; observations in the markets of Bos- 
ton, New York, Philadelphia, and Chicago; laboratory studies of 
the organisms causing strawberry rot; and experimental shipments 
from points in Florida and Louisiana.t These shipments were 

1 Through the cooperation of Mr. George M. Darrow, of the Office of Horticultural and 
Pomological Investigations of the Bureau of Plant Industry, the writers have received 
strawberries from points in Alabama, Louisiana, Texas, and other States at times when 
it was impossible for them to visit these regions. The writers are also indebted to 


numerous fruit growers and shippers, especially in the central Florida region, for 
assistance. 


NotEe.—This paper is of interest to botanists, pathologists, and strawberry growers and shippers, 
especially in the Southern States. \ 
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made to determine the organisms responsible for the decay of straw- 
berries in transit, the chief sources of infection, how infection could 
be reduced, and to what extent the growth of organisms could be 
retarded after they had entered the fruit. With this end in view, 
the shipments were so handled that every berry could be treated 
in a definite way and the results recorded after an examination of 
each berry. This necessitated comparatively small shipments. The 
writers are of the opinion, however, that the accurate data from 
these small shipments were more significant in determining the 
points mentioned than shipments in carload lots with the less ac- 
curate methods that must necessarily have been used. 


CAUSES OF DECAY IN TRANSIT. 


CONDITIONS OF TRANSPORTATION. 


Long delay, rough handling, and insufficient refrigeration during 
transit make it impossible for even the best berries to reach the market 
in good condition. 

Shipments from the extreme south to northern markets sometimes 
take a week or longer. Even firm, sound fruit, well packed, de- 
teriorates in value during this period. A delay of a few hours in the 
delivery of the berries at their destination may also cause the change 
from profit to loss on a shipment. 

Strawberries usually are bruised unless they are picked too green 
to be of value for table use. Small containers, such as open crates 
or pony refrigerators, frequently are subjected to rough handling at 
points of loading or transfer. When refrigerated cars are used it is 
necessary to fasten all crates securely in place in order to prevent 
their shifting during sudden movements of the cars. Bruises to the 
berries injure their appearance and permit the entrance of decay- 
producing organisms. 

The importance of refrigeration in preserving strawberries during 
transit has been known for many years. According to Taylor (15, 
p. 575),! it was demonstrated as early as 1868 that strawberries could 
be shipped from Cobden, Tll., to Buffalo, N. Y., in refrigerator cars 
maintained at a temper sine of 34° to 40° F. The injurious effect 
of temperatures above 50° F. is clearly shown in the present work 
(see pp. 7 and 19) and by the experience of shippers in all parts of 


the country. 
CONDITION OF FRUIT. 


Strawberries may be in such a condition when shipped that they 
can not reach the market without great loss, even though rot-produc- 
ing organisms are not apenas present. If berries remain in the 


1 Reference is made by number to “ Literature cited,” p. 21-22, 
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field until fully ripe, for example, they can not be handled without 
serious bruising and are soon crushed in shipment. 

Varieties differ greatly as to firmness of berry; some can become 
fully colored before picking and still remain firm for .a relatively 
jong time, while others begin to soften before they are colored sufli- 
ciently for market. Still others are so delicate when mature that 
_ they are bruised by even the most careful commercial handling and 
are useful only for local markets. Firmness often determines the 
choice of varieties for commercial production. 

The fruit of a variety which ordinarily is a good shipper may 
under unfavorable conditions lose its firmness. An excess of nitroge- 
nous plant food in the soil is generally believed to induce the growth 
of soft, succulent berries. Excessive rainfall during the growing and 
fruiting season has a tendency to produce this effect, especially if 
accompanied by high temperature. This was noticeable during the 
shipping season of 1915, especially during May and June, in New 
Jersey and Delaware, when, within a few: hours after berries were 
picked and before they were placed in cars for shipment, juice would 
frequently be running from the crates. The fall, winter, and spring 
of 1915-16, on the other hand, were unusually dry, especially in the 
extreme south, and it was remarked by growers, shippers, and retail 
merchants that berries shipped from Florida to northern markets in 
1916 reached their destination in better condition than in any pre- 
vious year. 

Severe losses sometimes result from hot weather prevailing during 
transit or while the fruit is being picked and loaded for shipment. 
Since this damage is due to the more rapid growth of fungi at the 
higher temperature it will be discussed later (p. 7). 

The shipping qualities of berries may be injured seriously by heavy 
- storms. On February 24, 1916, a rather severe hailstorm occurred at 
Lakeland, Fla., and for several days its effect on the berries was 
noticeable; bruises developed into soft spots as the fruit ripened, 
though the epidermis often was not broken by the hail. In some 
fields nearly all the berries were bruised, and it was impracticable to 
prevent the packing of some injured fruit. On March 22, 1916, a very 
strong wind blew for several hours over all sections of Florida from 
which strawberries were being shipped. Sand and fine dust were 
driven by the wind-with such force that for several days strawberry 
plants were coated with dust and the fruit had a dull, dirty appear- 
ance. Berries picked during the days immediately following this 
storm were extremely soft and did not ship well. Severe rainstorms 
also causé much damage to berries, both by mechanical bruising and 
by covering them with dirt, which often is difficult to remove. 

These and other unfavorable field conditions may result in the 
production of berries which even with careful handling and thorough 
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refrigeration can not be transported to distant markets without loss. 
Although berries may be in the best of condition when picked, they 
often decay before reaching the consumer, owing largely to the ac- 
) tivity of rot-producing organisms. 


FUNGI. 


: Bacterial rots are rare in strawberries. This may be due to the 

) high acid content of the fruit.. On the other hand, ripe strawberries, 
especially if injured, furnish a favorable substratum for the growth 
of many fungi. Among the less important fungi found were species 
of Alternaria, Botrytis, Cladosporium, Dematium, Fusarium, Mucor, 
Patellina, and Penicillium. All these fungi will grow on strawberry 
tissue, and under unusually favorable conditions some of them may 
cause Le pennete damage. 

Botrytis, long known to occur commonly on istraw hemes and fre- 
quently found in fruit from some sections, is not of first importance 
as a cause of decay in transit. Berries affected by Botrytis in the 
field are recognized readily and should be thrown out as culls. The 
growth of Botrytis in the ripe strawberry is so slow that but ‘little 
damage occurs in the short time between picking and marketing. 

Penicillium, which occurs frequently in small quantity, has been 
abundant in only one case which has come under the observation of 
the writers. In a shipment from Florida in the spring of 1916 in 
which the berries were very soft,.owing apparently to the effect of 
the severe sand storm previously mentioned, Penicillium was very 
common. It is uncertain whether this was due to the condition of 
the berries or to some unusual opportunity for infection. 

By far the most important cause of rot of strawberries in transit 
is a species of Rhizopus. Not only is this fungus the most common 
one on strawberries from every section studied by the writers, but in 
some instances it is almost the only fungus present. During the 
spring of 1916 the writers examined more than 14,000 decayed straw- 
herries shipped on various dates from three localities in Florida. 
Most of these were kept until quite rotten, and more than 90 per cent 
of them developed only Rhizopus. 

In addition, several hundred inoculations on strawberries of various 
varieties have been made, and in no case has Rhizopus failed to pro-' 
duce typical rot when introduced into a wound (fig. 1). No similar 
results could be obtained with any of the other fungi found. 


RHIZOPUS NIGRICANS. 


In his recent monograph of the genus Rhizopus, Hanzawa (8) used 
physiological as well as morphological characters in distinguishing 
the species. The writers have not investigated the physiology of this 
fungus sufficiently to compare with Hanzawa’s results, but so far as 
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the morphological characters are concerned the fungus under consid- 
‘eration when grown under certain conditions agrees very well with 
his description of Rhizopus nigricans Ehrb. It is evident from his 
description that Hanzawa studied the fungus under rather uniform 
conditions, as the measurements given by no means include its limits 
of variability. 


Wig. 1.—Hffect of Rhizopus nigricans on strawberries of the Missionary variety which 
had stood for two days at room temperature. Hach berry in the flask at the right 
had been inoculated with Rhizopus nigricans. 


In connection with studies on the humidity relations of this fungus 
(p. 7), the writers found that at a temperature of 20° C. the length 
of the sporangiophore and the size of the columelia vary greatly in- 
air of different humidities. For example, in air with a saturation 
deficit of 17 mm. of mercury, 2.3 per cent relative humidity, spo- 
rangiophores are mostly 1 mm. in length, while in saturated air they 
are from 3 to 4.cm. long. In air with a saturation deficit of 17 mm. 
of mercury the columelle are mostly 95 to 100 y in width; in saturated 
air they are mostly from 150 to 189 wu wide. The size of spores and 


a 
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the diameter of hyphe do not seem to vary greatly with the different 
humidities. The hyphe range from 10 to 40 » in thickness, mostly 
20 to 30u. The spores are variable in shape and size, being round to 
oval, or even very irregular, 5 to 15 py in diameter, the large irregular 
spores often reaching a length of 27 to 28 p. 

The.extreme length of the sporangiophore is apparently developed 
only in saturated or nearly saturated air. When the fungus fruits- 
on berries in the field or on the tops of boxes exposed to the open air 
the sporangiophores are short. Near the bottoms of boxes or in 
closed containers in which the juice leaking from the berries raises 
the moisture content of the air to near saturation, long sporangio- 
phores are developed. So great is this difference-that it might readily 
be assumed that two species of Rhizopus rather:than one were con- 
cerned. The fact that rhizoids ordinarily are produced below the 
epidermis of the strawberry in dry air, whereas.they are often borne 
above the surface in moist air, adds to the difference in the appear- 
ance of the two forms. 

A fact which might readily mislead an investigator as to the true 
cause of rot in strawberries is the extreme susceptibility of Rhizopus 
to alcohol vapor. During the early part of the writers’ investiga- 
tions it was customary to place decayed berries. in moist chambers. 
The juice leaking from the berries soon raised the humidity to sat- 
uration. Yeast developed on this liquid, and alcohol was produced 
so abundantly that its odor was distinctly noticeable. Under these 
conditions many rotten berries produced no fruiting bodies of any 
fungus. 

Finally it was observed that if the covers of the moist chambers 
were removed and the liquid taken: up with blotting paper. mature 
sporangia of Rhizopus nigricans would develop. on a large number 
of the rotten berries overnight. This led to.an investigation of the 
effect of alcohol fumes on the fruiting of this fungus. 

In this investigation Hempel desiccators containing: alcohol of 
various strengths were used (200 ec. c. of alcohol solution per desic- 
eator). It was found that berries inoculated with Rhizonus would 
rot under 95 per cent alcohol without producing any fruiting bodies. 
The same thing proved true of all strengths of alcohol down to 2 per 
cent. With 2 per cent alcohol aerial mycelium developed, but no 
sporangia were produced ; with 14 per cent alcohol apparently normal 
sporangia on short sporangiophores developed. 

In 1896 Goff (6) found that strawberries exposed to alcohol vapor 
under a bell jar in a refrigerator did not mold, while similar berries 
kept in the same refrigerator but not exposed to alcohol vapor 
molded considerably ; he makes no mention, however, of the species 
of fungi present. 
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PHYSIOLOGY OF RHIZOPUS NIGRICANS. 


CHARACTER OF THE ROT PRODUCED. 


The rot produced in strawberries by Rhizopus nigricans differs 
from that caused by any other organism the writers have observed 
and has been briefly described in an earlier paper (13). Its chief 
characteristic is the rapid collapse of the berry, with the loss of 
much juice. So great is this loss that the Juice often drips from 
boxes or crates containing strawberries rotted by Rhizopus, and this 
has given rise to the name “leak” applied to this type of rot by ship- 
pers and dealers. F. L. Stevens (12) has recognized Rhizopus as 
the cause of this type of rot in strawberries. 


HUMIDITY RELATIONS. 
In investigating the humidity relations of this fungus in its attack 
on strawberries, a method already described by one of the writers (14) 


was employed. Briefly, the method consists in using a series of desic- 
eators filled with mixtures of sulphuric acid and water in various pro- 


portions. From the specific gravity of the acid the relative humidity © 


and the saturation deficit of the air in the desiccator were calculated. 


Repeated experiments, using partly decayed berries received in 
shipment, as“ J] as sound Klondikes and Missionaries inoculated 


with Rhiz6p' nigricans, proved that the fungus will destroy the 


strawberry *2°@ickly in a very dry atmosphere, even under concen- 
trated sulp?” ©S!acid, as in a moist or saturated atmosphere. Certain 
differences ifthe attack of the fungus on the berry under various 
humidities have been noted (13). The important fact in this con- 
nection is that when the fungus is once inside the strawberry no 
amount of external drying is sufficient to stop its development. The 
moisture contained in the fruit will permit the fungus to grow suffi- 
ciently to destroy the berry. 


TEMPERATURE RELATIONS. 


The temperature relations of Rhizopus nigricans have recently been 
studied by two investigators. Hanzawa (8) studied che temperature 
relations of various species of Rhizopus and used these relations as 
criteria for separating the genus into sections. He places Ahizopus 
nigricans in the section characterized by having no growth at 37° ©. 
(99° F.). He found that this species was able to grow and produce 
sporangia at temperatures as low as 8° to 10° C. (46° to 50° F.). 

Miss Ames (1) included Rhizopus nigricans among the storage-rot 
fungi whose temperature relations she investigated. She found that 
at 9° to 10° ©. (48° to 50° F.) some growth occurred, although at 
this temperature the fungus was unable to mature sporangia within 
one month. Maximum growth occurred at 36° C. (97° F.), good 
growth at 37° and 40° C. (99° and 104° F,), and no growth whatever 
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at 42° C. (108° F.) Miss Ames also studied the time required for 
the germination of spores at various temperatures and found that in 
general the length of time required for germination decreased with 
rise of temperature, being greatest, 200 hours, at 3° to 4° C., and 
least, 54 hours, at 41° C.; no germination occurred at 42° C. The 
difference in maximum temperatures as determined by these investi- 
gators may be due either to their having different strains of the 
fungus or possibly to their having used different culture media. 
Miss Ames used Rhizopus from sweet potato grown on string-bean 
infusion; Hanzawa’s temperature tests were made with the fungus 
growing on potato. 

In the writers’ exper Hehe on the temperature relations of Phizo- 
pus nigricans the fungus was grown on ripe strawberries and on white 
corn meal in flasks. The refrigeration plant used by Drs. Brooks and 
Cooley, of the Bureau of Plant Industry, in their studies of the stor- 
age rots of apples was used. This gives satisfactory constant tem- 
peratures at intervals of 5 degrees from 0° to 20° C. In addition, 
for other low temperatures use was made of an ice thermostat, and 
for the higher temperatures thermostats heated by Ps burners pe 
used. 

Sound berries of the Missionary variety shipped ne Plant City 


in commercial refrigerators were inoculated with spi ; d mycelium 


‘ of Rhizopus and placed at temperatures of 0°, 5°, 10% Dho x0 pand 20° C. 


At the end of five days berries kept at 0° and 5° BY sblen® growth of 
the fungus and were as sound and fresh in appearatee and taste as 
when first placed in the refrigerator. At 10° C. there was no aerial 
growth of the fungus and only a very tiny decayed spot about the 
region where inoculation was made. Most of the berry at this tem- 
perature was still perfect in appearance and taste. Berries at 15° 
and 20° C. bore abundant fruiting hyphe and were typical “leaks.” 
“Leak” is a term applied to fruit destroyed by Rhizopus because of 
the collapse of the berries and the leakage of juice from the boxes. 
Cultures in corn-meal flasks at the same temperatures showed in five | 
days no growth at 0°, 5°, or 10° C., but abundant mycelium with 
sporangia at 15° and 20°. At 15°, however, there was only about half 
as much aerial growth as at 20° and about half the sporangia were 
white and immature. At 20° the surface of the flask was covered with 
mature black sporangia. Similar flasks kept for five days at 1°, 2°, 4°, 
6°, 8°, 11°, 14°, and 18° C. showed no growth up to 8°, slight growth 
Ww ith octeeann sporangia at am and fairly numerous sporangia 
at 14° C. 

Berries inoculated as described were kept for two weeks at 0°, 5°, 
and 10° C. Those kept at 0° and 5° were apparently as sound as 
when placed in the refrigerator. At 10° the berries were somewhat 
softened, and there was a slight aerial growth of mycelium near the 
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point of inoculation. Several boxes of commercial berries kept at 
10° C. for one week showed about the same proportion of decayed 
berries as similar boxes kept at room temperature for 12 hours. Very 
little work was done on the investigation of temperatures above 20° 
C. The fungus appears, however, to be able to mature a few spo- 
rangia with short stalks on ripe strawberries at 36° to 87° C. From 
these experiments it appears that a temperature of 10° C. (50° F.), 
or, better, 8° C. (46° to 47° F.), is satisfactory for preserving straw- 
berries from this fungus for a week or more. The rate of growth of 
this fungus increases so rapidly with rise of temperature above this 
point that the importance of keeping the berries at this temperature 
is obvious. 

In this connection it is of interest to note that Earle (4) in his 
shipping experiments found that 50° F. was satisfactory for shipping 


strawberries. 
HOST RELATIONS. 


From microscopic study (13) it is apparent that Rhizonus nigri- 
cans 1s unable to penetrate the sound epidermis of the strawberry. 
Additional evidence as to the correctness of this view is found in 
the results of experiments in which wounded and unwounded berries 
were sprinkled with spores of Rhizopus. The wounded berries in all 
cases rotted quickly and bore typical sporangia, while the unwounded 
berries remained uninfected. 

Inoculation experiments in field and laboratory show that Rhizonus 
is able to grow in green strawberries and produce typical leak if 
the epidermis is wounded. On February 21, 1916, green berries 
shipped from Florida were wounded and inoculated with Rhizopus. 
Two days later all these berries had developed mature sporangia. 
Ten similar berries, unwounded, over which spores of Rhizopus were 
sprinkled showed no change. While still on the vines 100 green 
berries were wounded and inoculated with Rhizopus mycelium from 
a pure culture. All of these developed the typical Rhizopus rot, 
most of them before maturity. 


OCCURRENCE ON OTHER PLANTS. 


Rhizopus nigricans has been noted frequently as the cause of rot 
in various vegetables. Ehrenberg (5), in connection with his 
original description of the genus, mentions its occurrence on decay- 
ing fruits of Cornus masculus, Morus alba, and once on apple (Pyrus 
malus). Behrens (2) found it causing rot of tomatoes (Lycopersi- 
con esculentum) and was able to produce decay by inoculation in 
pears (Pyrus), plums (Prunus), raspberries (Rubus), and currants 
(Ribes). Wormald (17) and Hanzawa (8) report it as causing a 
decay of tomatoes. In this country it is probably best known as 


causing a rot of sweet potatoes (Ipomoea), although Halsted (7) 
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found it to be the most important cause of decay of quince (Cydonia) 
fruit, Orton (11) reports it as causing a soft rot of white potatoes 
(Solanum), and Hawkins (9) corroborates the observations of Orton. 
The writers have also found this species on red raspberries in the 
Washington market. 

This fungus may at times cause a serious rot of pears, and to 
some extent of peaches, as shown by the following manuscript note 
furnished by Mr. M. B. Waite: 


In September, 1902, shipments of Kieffer pears from Patuxent (Woodward- 
ville P. O.), Md., to the Washington, D. C., market suffered very severely from 
decay induced by Rhizopus nigricans. Pears of this variety had been shipped with 
success from 4-year-old trees in 1900 and from 5-year-old trees in 1901 by pick- 
ing them hard and green, beginning about September 10 and continuing through 
the month. After picking they were stored in bins, usually for about a week. 
partly covered with canvas cloth. The layer of pears, about 2 to 24 feet thick, 
colored up nicely without shriveling and brought a’ good price on the market. 

Shipments started in this way in 1902, picked about September 10 and shipped 
a week later, began to arrive in good condition. Daily shipments were made, 
and a few days after the first arrived trouble was experienced with a soft rot, 
found on examination to be due to Rhizopus nigricans. The individual fruits 
‘ attacked were completely disintegrated, those not attacked remaining sound. 

About September 20, a carload of fruit was shipped in barrels and baskets. 
The barrels were of the open-head truck type, with cloth covers. The baskets 
were of the ordinary slatted, 4/8, 25-pound Delaware type. About half the 
fruit in baskets was salable at a reduced price, some of the baskets being one. 
third or one-half rotted. 

The fruit in barrels, however, was almost a total loss. About 50 or 60 of these 
barrels were placed on arrival in the second story of a commission house, to 
allow them a few days to ripen, and the juice leaked freely out of the more open 
barrels through the floor and dropped down to the lower story. The tighter 
barrels became slightly swelled, so that they were water-tight, and on exami- 
nation they were found to be partly filled with the liquefied contents, with a 
few perfectly sound pears floating or immersed in the liquid. The fruit was 
packed on one day, delivered to the city by rail on the afternoon of the follow- 
ing day, and hauled to the commission house. On the following morning the 
rot was found starting in strongly, and in another 24 hours the results already 
described appeared. 

The fruit was thought to be fairly well handled by methods that had given 
good results in previous years, but the Kieffer pear is very hard and brittle, and 
the epidermis is easily ruptured by rubbing or scratching. The inability of the 
fungus to penetrate certain fruits is accounted for by their complete freedom 
from the slightest injury to the cuticle. Later pickings from the same orchard, 
with cooler weather and perhaps somewhat better handling, gave good results. 
Fruit picked and shipped green the first week in October stood the trip to 
Washington and was immediately placed in cold storage without any traces of 
Rhizopus rot. Shipments were made for 10 years following this without en- 
countering this difficulty to any appreciable extent. 

Occasionally trouble somewhat similar has been experienced to a minor de- 
gree in shipments of peaches. Last summer (1915), about August 15, a refrig- 
erator carload of Belle peaches, shipped to the Washington market from Clarks 
Gap, Va., showed this type of rot before it was completely sold. The car 
opened up in good condition, and part of the fruit was sold the morning after 
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arrival in good order. Some of the remainder was held in the car two or three 
days and part of it at a commission house, and it deteriorated very rapidly, 
owing to the attacks of Rhizopus nigricans. The fruit leaked badly, many of 
the peaches becoming completely penetrated and overgrown by the rot fungus. 
In this case the fungus appeared to grow readily from one fruit to another, 
possibly through the stem end. 

It is significant that in all cases where the rot caused by Rhizopus 
nigricans is described it is characterized by the loss of a large quan- 
tity of liquid from the decayed tissue. Behrens (2) and Wormald 
(17) speak of this in discussing the rot of tomatoes, Halsted (7) in 
quince, Orton (11) in potatoes, and Waite in pears and peaches. 

The observations recorded above show that Rhizopus is the chief 
and in some sections practically the only cause of rot of straw- 
berries in transit. They show that the percentage of moisture in the 
air makes no difference in the rate of growth of the fungus inside the 
berry. Also, that while the growth of Rhizopus is very slow at 10° 
C. (50° F.) or below, the rate increases rapidly with the rise of tem- 
perature above that point, so that at favorable temperatures a straw- 
berry infected with Rhizopus is destroyed in a few hours. Micro- 
scopic studies by one of the writers (13), as well as inoculation 
experiments and field observations, indicate that Rhizopus does not 
usually penetrate the uninjured epidermis of the strawberry. 

From this work it is apparent that no method of drying the air of 
the container in which the strawberries are shipped, by ventilation 
or otherwise, will retard the decay of the fruit once the fungus has 
entered, but that rot of strawberries in transit may be diminished 
greatly by reducing the amount of infection by Rhizopus or by keep- 
ing the berries at a low temperature from the time they are picked 
until sold. The importance of low temperature in shipping straw- 
berries was demonstrated by Parker Earle during the period from 
1866 to 1872 (3 and 4). Earle found that strawberries cooled to 
50° F. in a specially constructed cooling house previous to shipment 
might be sent long distances in refrigerator cars in practically perfect 
condition. 

PRESENT SHIPPING PRACTICES.1 


To appreciate the general lack of complete refrigeration and the 
importance of reducing infection by Rhizopus, it is necessary to 
know something of the methods of handling strawberries now in 
general use. 


1 Descriptions of the development of refrigerator transportation of truck produce were 
published in 1901 by F. 8S. Earle (3) and W. A. Taylor (15). Of particular interest in 
this connection are the descriptions (3, p. 444; 15, p. 575) of the early work of Parker 
Farle in shipping strawberries under refrigeration. So far as the writers have been able 
to learn, Parker Harle designed the first refrigerator chest for shipping strawberries by 
express and was the first to demonstrate the effectiveness of precooling. His letter 
(3, p. 444-445) places the beginning of this work about 1866, and it was mentioned by 
Holcomb in 1870 (10). 
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In most localities the berries are either shipped in the containers 
in which they are picked, without further handling, or emptied on 
tables, the culls removed, and the sound fruit repacked for shipment. 
The former method necessitates great care in picking; the latter 
method undoubtedly bruises the berries somewhat even when care- 
fully done. 

Practically all berries shipped from Florida are packed in quart 
cups, each cup “capped” or “ plated”; that is, the top layer consist- 
ing of berries of uniform size placed snugly together with their tips 
all pointing in the same direction. Shipments from this State are 
made at a season when no other berries are in the markets and are 
intended to supply a demand for fancy fruit. 

The strawberries are shipped in three ways. During the early 
part of the season most of them are shipped by express in iced con- 
tainers, called pony refrigerators, which hold 64, 80, or occasionally 
32 quarts each. From 75 to 250 pounds of ice is placed in an open 
pan in each refrigerator and the refrigerator tightly closed. In this 
manner berries are often shipped long distances, to New York, Bos- 
ton, Philadelphia, Pittsburgh, Chicago, and other northern markets. 
Later in the season iced cars are shipped from the more important 
strawberry-growing centers, but the use of the pony refrigerator is 
at no time abandoned. Under favorable weather conditions many 
shipments from Florida to Washington, Baltimore, and other rela-— 
tively near-by markets are made by express in open ventilated crates 
without refrigeration. The use of different methods of shipment in- 
creases the difficulty of controlling merely by refrigeration the 
growth of Rhizopus during transit and emphasizes the necessity of 
preventing the infection of the fruit. Experiments were performed 
to determine the relative importance of the various possible sources 
of infection. 

In many strawberry-growing sections it is customary to mulch 
with hay, straw, pine needles, or other material to protect the fruit 
from dirt. In other localities this practice is not followed, and 
when the fruit is picked immediately after a rain or when wet with 
dew much sand or other dirt adheres to the berries. This fruit is 
sometimes shipped to market without cleaning, but usually an. 
attempt is made to avoid or correct this condition. In some locali- 
ties picking the berries early in the morning when wet with dew is 
avoided, and the dry sand is shaken off in the process of picking. 
In other places the fruit is emptied on tables covered with cloth 
and shaken gently, most of the sand being lost in this way. In 
central Florida, a region important for the earliness and length 
of its shipping season, it is customary to wash the berries when 
brought from the field. They are immersed for a few seconds in 
a tub of water, then either packed moist or spread on a cloth frame 
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and allowed to dry in the shade of the packing house or even in 
the sun. 


SOURCES OF INFECTION BY RHIZOPUS NIGRICANS. 


INFECTION IN THE FIELD. 


Infection with Rhizopus apparently could occur either in the field 
before picking or in the packing shed. Microscopic examination of 
diseased fruits (13), as well as observations and inoculation experi- 
ments in the laboratory, the field, and the packing house, indicates 
that Rhizopus rarely, if ever, enters berries through the uninjured 
epidermis. The proportion of injured or wounded berries in a field 
usually is low. Some fruits, of course, are injured by insects or 
birds, but rapidly growing strawberries have a strong power of 
preventing infection by the quick covering of wounds with an im- 
pervious protective layer. 

This was well illustrated in an inoculation experiment made in 
the field on February 23, 1916. One hundred sound berries of 
various ages from one to seven days before maturity were wounded 
with a sterile needle while still on the vines. One hundred similar 
berries were wounded in the same way, and a small quantity of 
dirt from underneath the plants was forced into each wound. One 
hundred wounded berries in another series were inoculated with 
mycelium from a pure culture of Rhizopus. These berries were 
picked when mature and their condition compared with that of 
100 uninjured berries. No rot was apparent among the fruits 
merely wounded. All but two of the berries into which dirt had 
been introduced matured without showing any signs of infection; 
a callus layer underneath the wound was evident in each case. 
Two exceptions showed at the end of five days soft spots on one 
side of the wounds. All of the berries inoculated with Rhizopus 
mycelium developed into typical leaks in from two to four days, 
most of them before the maturity of the berry. Leaky berries 
are rarely, though occasionally, found in the field. 

Similar experiments were performed with ripe berries at the 
time of picking and the berries shipped in iced containers to Wash- 
ington. In this series some of the fruits were wounded also with 
pine needles from the mulch. Records taken after shipment showed 
the following percentages of fruit still sound: Unwounded, 72 per 
cent; wounded with sterile needle, 61 per cent; wounded with pine 
needles, 62 per cent; dirt introduced into wounds, 42 per cent. Those 
inoculated with Rhizopus mycelium had become a mass of rotten 
berries before reaching destination. Wounding the fruit with pine 
needles gave practically the same result as the use of a sterile needle. 
The introduction of soil into the wounds apparently induced con- 
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siderable decay, but none of the berries so treated developed into 
typical leaks within 48 hours after removal from the refrigerated 
container, and the presence of black dirt in the wounds was mis- 
leading and made the accurate sorting of these berries difficult. 

The above experiments indicate that the fungus in question is not 
of primary importance as a field rot, that usually it does not enter 
the berries from the soil, and that in the localities investigated infec- 
tion occurs at some time after picking. 


UNSANITARY CONDITIONS USUALLY PREVAILING IN THE PACKING HOUSE. 


Conditions in and around the packing house often are unsanitary, 
favoring the growth and distribution of Rhizopus, and the frequent 
handling and consequent bruising which the berries often undergo 
would seem to offer many chances for infection. The culls often are 
thrown on the ground near the packing house; various fungi, includ- 
ing Rhizopus, may be found fruiting on these discarded berries. 
Packing tables become soaked with strawberry juice and usually are 
not cleaned or disinfected during an entire season. When berries are 
washed, a few gallons of water are placed in a tub and used for all 
berries cleaned during the day. Fungus spores, soil, and other dirt 
soon accumulate in this wash water, and apparently might by this 
means be distributed generally over a large proportion of the fruit. 

Conditions in packing houses and cars as regards infection from 
Rhizopus can be easily improved by the frequent use of hot water. 
The recent work of Thom and Ayers (16) shows that the spores of 
this fungus are easily killed by heat when wet, but are more resistant 
in dry air. Rhizopus spores (16, p. 159) were killed in 30 seconds 
at a temperature of 145° F. in milk, but survived a temperature of 
200° F. when dry. It is probable, however, that even with the 
greatest care all sources of fungous growth and distribution can not 
be eliminated. 

THE BRUISING OF BERRIES IN PACKING. 


It has been shown that Rhizopus rarely, if ever, enters berries 
through the unbroken epidermis; care to avoid bruising is therefore 
of great importance. This fact was emphasized by an experiment 
in which sound berries were wrapped individually in tissue paper, 
carefully packed, and shipped to Washington. It was found that 
fruit so treated could be held at room temperature for a week or 
more after arrival without the appearance of decay, while similar 
berries packed and shipped in the commercial manner were badly 
rotted within 48 hours after reaching their destination. 

Berries are injured to some extent every time they are handled or 
shaken. When possible, especially when shipments are made in car 
lots under refrigeration, it is preferable to ship in the containers in 
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which the fruit is picked without further handling. However, fruit 
shipped in crates without refrigeration or in pony refrigerators, as 
from Florida, usually suffers severely by careless handling at points 
of transfer. In these cases the close packing of the fruit to prevent 
settling has been found to be of much advantage. If packed too 
tightly or forced into place, the fruit is unnecessarily crushed and 
bruised. The aim of the best packers is to place the berries as closely 
as possible without crowding or injuring them. 


DIRECT SOURCES OF INFECTION. 


One experiment was conducted in which the berries were treated 
in various ways to obtain, if possible, some indication as to the most 
serious sources of infection with Rhizopus in commercial handling. 
Apparently sound berries were selected, and in order to accentuate 
the comparative value of the results obtained the epidermis of each 
berry (except in A and C, Table I) was broken with a sterile needle 
before other treatment. All berries were then packed similarly and 
shipped in small iced containers. The results of the experiment are 
given in Table I. 


TasLe I.—Infection of strawberries resulting from various methods of treatment. 


Condition after arrival 
at destination (per 
cent). 

Treatment of fruit, if any. 
Soft 

Sound. spots. Leaks. 
AV——SOUN Guinitam ObsWOUNCeC as emeee <= aoe ce Seance sae cicie tine Seclemeiceincioe sc.-6 snes 72 28 0 
Be vounded withisterile meediel jase = rose ec oj 25-2 = laces sews 2) oad ceria 61 32 7 
Ge wioundedswathipine needless ceae 2 eee eo. ce ceneeis ec oaene wena ee 62 35 3 
Dy \Wiaslvedtinncleamy waters oes Wnee fey. A otge isl Melee wane are Sicloiate etatsetetael- ie 66 22 12 
E.—Washed in water used in packing house.........-.----.-------------------- 0 71 29 
LED ITE OLCe GMM GONE nWOUMGS Say B22 sais oles la atlases aes We eeele aeyere ale oe 42 58 0 
G.—Rhizopus mycelium forced into woundS.....-......-..---.------.-------.-- 0 0 100 
H.—Washed in water containing spores from a pure culture of Rhizopus....-.... 0 0 100 


Table I shows that injury with pine needles and washing in clean 
water did not injure the shipping qualities of the berries any more 
than did injury with the sterile needle. The contrast between the 
final condition of fruit washed in clean running water and that 
washed in the ordinary commercial manner was most striking. This 
preliminary shipment gave a valuable clue, which was followed in 
subsequent experiments. In all later shipments sound, unwounded 
berries selected individually by one of the writers or those selected 
by careful professional packers were used. 


WASHING BERRIES. 


The influence of washing upon the development of rot in straw- 
berries was investigated. In each of a series of shipments made in 
small iced containers, commercial pony refrigerators, or ventilated 
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crates without refrigeration, some of the berries were washed in the 
tubs of water which had been previously used for the washing of 
several bushels of commercial berries, some were washed in clean run- 
ning water, and the remainder were not washed. All washed berries 
were dried for a few minutes in the shade. They were then packed 
by professional packers (all berries in each shipment being packed 
by one operator) and sent to Washington, where records were taken 
upon a careful inspection of each berry. The results of these experi- 
ments are summarized in Table IT. 


Taste Il.—IJnfection resulting from washing strawberries in a commercial 
manner. 


Sound 
Treatment offruit, if any. a aber after 
‘| arrival. 
Per cent. 
Nob washed «2.2 cis sc0 scien sos acne eee BER EERe See ee eE eee ree e - = SR cies se ee 716 34 
Washed in clean water... g29.>-. - «<.\s 255 ateeeee sce aee tenes. = See ene eee Eee 1,153 35 
Washed in dirty water used inthe packing house... ........--.----s--ee----------- 1, 067 17 


The generally low average of sound fruit was due to the length 
of time the berries had been kept at room temperature after reach- 
ing their destination. In northern markets, however, one frequently 
finds berries which contain no higher proportion of sound fruit. 
The results given in Table II indicated that the commercial method 
of washing berries was injurious to their shipping qualities and 
also that this injury would be largely overcome by the use of clean 
water. The frequent changing of water in the tub usually would 
not be inconvenient in Florida, for wells and pumps often are located 
at or near the packing houses. 


DRYING BERRIES AFTER WASHING. 


As already mentioned, a few growers make a practice of packing 
their fruit wet, though most of them expose it to the air, either 
in the shade of the packing house or, more frequently, in the sun, 
until most of the water has evaporated from the surfaces of the 
berries. Experiments were undertaken to determine the relative 
effects of these different methods from the standpoint of inhibiting 
the growth of Rhizopus in the fruit. 

When berries are dried they are spread upon cloth-covered frames 
or packing tables. These cloth covers usually are not renewed 
during a shipping season. Often they are soaked with juice from 
the strawberries, and it was suspected that they might serve as 
carriers of infection to fruit spread upon them. Numerous careful 
experiments for the determination of this point, however, gave 
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negative results, indicating that any increase of infection from this 
source is relatively unimportant. 

In investigating the effect of drying the fruit after washing, a 
number of experimental shipments were made, the fruit being han- 
dled in the same manner as in the washing experiment already de- 
scribed except that part of the berries in each shipment were packed 
wet, while the remainder were partially dried, usually by exposure 
to direct sunlight for a few minutes. The results were conclusively 
in favor of packing the fruit wet. Taking the average of,all these 
experiments, it was found that drying berries washed in clean water 
had reduced the proportion of sound fruit 36 per cent. Among those 
washed in dirty water the reduction caused by drying was even 
greater—43 per cent.1 Table III summarizes the results of all ex- 
periments on drying the berries after washing. 


TasBLE III.—lHffect of drying strawberries after washing. ( 


* 


Packed without 


drying. Packed after drying. 
Treatment of fruit, if any. 
Number Sound Number Sound 
of berries after of berries after 

‘| arrival. i ‘| arrival. 
Per cent. Per cent. 
INGE WHSOGG!. oS ELA SCUE AE SORES = SURAMER =  JPS UE Me ate IV ay eee 1,939 SO ee eee ee ese. ! 
Wiashedsinicleanmwatersns2 sss oc. . east! Bie eee 2, 886 48 2, 881 30 
Washed in water used in the packing house.........---...----- 650 33 1, 144 19 


In no case were these results reversed, though they differed in degree 
in the various shipments. These variations were correlated with 
differences in temperature when the berries were packed, the com- 
parative benefit of wet packing being greater in those: shipments pre- 
pared on very warm days than in those packed during cool, cloudy 
weather. Drying the fruit, even in the shade, proved injurious, 
though less so than exposure to direct sunlight. _ 

The laboratory experiments already cited indicate that the rate of 
growth of Rhizopus nigricans increases very rapidly with the rise of 
temperature above 10° C. (50° F.). When infected berries are held 
for a few hours at a relatively high temperature, for instance, 30° C. 


1 Smith and Goodman, of the Department of Agriculture of British Columbia, have 
conducted experiments upon the fanning of strawberries before shipment. They report 
, (Winslow, R. M. Report of horticultural branch, 1914. In 8th/9th Rpts. Dept. Agr. 

[Brit. Col.], 1913/14, p. 84. 1915.) that berries dried for an hour in a strong cur- 
rent of air from an electric fan carry to market in better condition than those shipped 
even slightly wet. Though not so mentioned in their report, this operation would have 
the effect of lowering the temperature of the berries quickly and considerably by increas- 
ing the rate of evaporation of the water from their surfaces. It would thus be, in effect, 
a precooling process, allowing the berries to be placed in the car at a relatively low 
temperature if loaded at once; if, after fanning, however, the fruit were hauled several 
miles to the station during hot weather, much of the benefit of rapid drying would be lost. 
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(86° F.), the fungus develops so rapidly in their tissues as to cause 
them to collapse. The growth of the fungus may be checked by 
lowering the temperature, but with ordinary refrigeration growth 
will not entirely cease, and it may continue sufficiently to cause the 
berries to soften in transit; it will in any case resume rapid develop- 
ment whenever the temperature is again raised, as when the berries 
reach their point of destination. If infection has occurred, a dif- 
ference of a few degrees in the temperature of the berries, main- 
tained for several hours, will make a decided difference in the length 
of time before rot becomes apparent. This accounts for the harmful 
effects of drying the berries. 

Dry berries remain at air temperature until placed in iced cars or 
other refrigerated containers, usually a period of several hours. Dur- 
ing part of this time the crates are often exposed to the sun or covered 
with a dark cloth. When berries are immersed for a few seconds in 

water their temperature is lowered somewhat. Subsequent evapora- 
tion from their surfaces results in still further cooling. If they are 
packed immediately after washing, evaporation continues slowly and 
exerts a cooling effect for. several hours, usually until the berries are 
placed under refrigeration. When berries are being loaded into cars 
in the afternoon, several hours after picking, the difference in tem- 
perature between unwashed fruit and that packed wet can be readily 
felt with the hand. When, after washing, the berries are dried for a 
few minutes in the shade, the water evaporates before packing, and 
they lose the continued cooling effect of prolonged evaporation. If 
they are exposed to direct sunlight there is the added disadvantage of 
a further rise in temperature. The beneficial effect of packing the ber- 
ries wet is greatest, of course, when the temperature of the air is 
highest. 

Professional packers claim that berries are softened by washing and 
must be handled with great care to avoid bruising if packed while 
wet. This probably is true, but it is more than compensated for by 
the cooling of the fruit. 

Exposure to sunlight, unless very brief, has the further undesirable 
effect of giving the berries a dull appearance. Heating unwashed ber- 
ries by exposure to the sun increases rot, but not so markedly as with 
washed berries. This is illustrated by an ee shipment pre- 
pared at Lakeland, Fla., on the morning of March 22, 1916, a clear, 
warm day. Sound berries of the Mary variety were pac After’ 
treatment they were packed by a professional packer, carried to the 
railroad station at noon, and shipped to Washington in a ventilated 
crate without refrigeration. They were three days in transit. Their 
condition on arrival is shown in Table LV. 
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Taste 1V.—/ffect of drying or heating strawberries. 


Unwashed fruit. Washed fruit. 


Treatment of fruit, if any. Number | Sound | Number | Sound 


of ber- after of ber- after 
Ties. arrival. ries. arrival. 

Per cent. Per cent. 

Packed without drying OP IN RNNMO  3o eco copeceensee se ef 396 72 352 69 

Exposed to air (21° C., 70° F.) in shade of packing house . nM 430 ee Bee eerie anna oes 

Exposed to sunlight (30° Cio HOP MI) eb esenondos nougsaseouans 412 56 416 47 
Spread on table covered with black cloth and placed in sun; 

PETER EALMTO SO ricen (Oia wirs se 4”. ee ee eS eye a elevate 473 Paid Nek i ee a tl aL 


Observations at points of shipment and destination show that car 
lots of berries picked and shipped on very warm days under similar 
conditions of transit do not arrive at northern markets in such good 
condition as those shipped during cooler weather. This further illus- 
trates the fact that the temperature of the berries from the time they 
are picked until placed under refrigeration influences their shipping 
qualities. 

A final series of experiments was undertaken to eubstantiate further 
the previous results in regard to the effect of washing fruit in clean 
water and drying before packing. In this series, as before, shipments 
were made in small iced containers, commercial refrigerators, and in 
ventilated crates without refrigeration. Table V summarizes the re- 
sults of these shipments. They agree with the former experiments in 
showing the harmful effects of drying and emphasize the benefit de- 
rived from packing the fruit wet, for berries treated in this manner 
arrived at their destination in even better condition than those not 
washed. 


TABLE V.—Hffect of washing strawberrics in clean water and of subsequent 


drying. 
Number} Sound 
Treatment offruit, if any. of ber- after 
ries. arrival. 
# —| 
Per cent. 
DIG, WHEBLORG ec Be ce GG ae SERED 3 CASE ee oe See NE ane ee ee 3, 027 46 
Washed in clean water and DACkeG weirs kee cane. eee oo bem sae cps eee ee 2, 809 51 
Washed in clean water and dried before packing............-.----.------------------ 2, 826 32 
SUMMARY. 


The conclusions given here are drawn chiefly from field studies and 
experiments made in Florida and Washington in the winter and 
spring of 1916 and in Louisiana and Chicago in 1917. 

The deterioration of strawberries in transit may be due to the con- 
dition of the berries at the time of shipment or to inadequate trans- 
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portation or refrigeration facilities, but it is often induced by fungi, 
chiefly Rhizopus nigricans. 

Rhizopus causes the softening and rapid collapse cf strawberries, 
accompanied by the escape of much juice. 

Berries though bearing the spores of Rhizopus when shipped may 
still, with proper handling and refrigeration in transit, reach the 
market in good condition. The fungus is not able to penetrate un- 
injured epider mis, but enters readily through wounds in either ma- 
ture or green berries. 

ieapus has not been found of primary iiportincs as a cause of 
field rot, but usually develops in berries at some time after they 
are picked. 

The humidity of the air has no perceptible influence upon the rate 
at which Rhizopus nigricans rots strawberries. 

The growth of Rhizopus nigricans is very slow at 10° C. (50° F.) 
or below, but increases rapidly with the rise of temperature above 
that point. Therefore the proper cooling and refrigeration of the 
berries from the time they are picked until marketed will reduce the 
losses from this rot. | 

Since the diversity of shipping practices does not always permit 
such complete refrigeration, the reduction of infection by means of 
sanitation and careful handling is important. 

The conditions at the packing houses are frequently unsanitary, 
affording favorable opportunities for the growth of Rhizopus, and 
bruising the fruit during handling allows infection to take place. 
The packing houses and tables should be kept clean. Injury to the 
fruit should be avoided by care in handling, or preferably, by the 
elimination of all unnecessary handling. 

Washing berries in water in which dirt has accumulated injures 
their shipping qualities. 

The temperature of the berries during the time between picking 
and shipping has an important influence upon the later development 
of rot. 

Drying washed berries, especially by exposure to sunlight, in- 
creases decay, because the subsequent exposure of the dry berries to 
prevailing high air temperatures favors the development of Rhi- 
zopus within their tissues. The higher shipping quality of fruit 
packed wet seems to be due to the facts that the temperature of the 
fruit is lowered by washing in cold water and that by prolonged 
evaporation the berries are kept cool for a considerable time, during 
which they may be hauled to the station and placed under refrig- 
eration. 


(4) 
(5) 
(6) 
(7) 
(8) 
(9) 


(10) 


(14) 


(15) 
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Observation of concrete roads shows that most of the irregularities 
of wear make their initial appearance at expansion joints and at 
transverse and longitudinal cracks. Soon after a crack is formed 
traffic begins to batter down the edges, and unless immediate and 
effective maintenance measures are adopted, each succeeding vehicle 
will act with greater destructive effect. Under such conditions and 
without proper maintenance, little time elapses before depressions 
are formed in the road surface, which lessen the life of the road and 
render it decidedly unpleasant to the fast-moving traffic generally 
carried by concrete roads. Improperly maintained expansion joints — 
wear in a manner similar to cracks, and the cost of their maintenance 
is dependent upon their frequence. 

Cracks result when the tensile strength of the concrete has been 
exceeded, or compression cracks may be caused in rare instances by 
excessive expansion without proper provision for such a movement. 
Tension may occur in a concrete pavement as the result of settlement 
or upheaval, in which case the pavement is stressed as a slab, and, if 
overstressed, will crack on the tension side. Most transverse cracks, 
however, are caused by contraction due to two principal phenomena: 
1, decrease in temperature; 2, drying out of water from the concrete. 
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An extended series of laboratory and field tests was begun in 1910 
by the Office of Public Roads to make a close study of expansion and 
contraction movements of concrete pavements. These included de- 
tailed attention to the spacing, design, and movement of expansion 
joints. It isthe purpose of this bulletin to present the results of these 
experiments in the hope that they will be of some value to those in- 
terested in work of this nature. No attempt will be made herein to 
apply the results obtained to the practical side of road construction, 
although certain broad conclusions will be drawn from the results 
which will be available for immediate application by the engineer. 


LABORATORY MEASUREMENTS OF EXPANSION AND CON- 
TRACTION. 


It has been established by other investigators? that concrete ex- 
pands on being heated and contracts on cooling by an amount differ- 
ing very little from that of steel. A coefficient of 0.0000055 per de- 
gree Fahrenheit seems to express accurately the effect of temperature. 
Therefore, with change in temperature of 100° F., a 100-foot length 
of concrete road, if unrestrained by friction at the base, would ex- 
pand or contract 0.0000055<100°100 feet= +0.055 feet or 0.66 
inch. This phenomenon alone, without considering any other influ- 
ences, probably accounts In many instances for the cracking of con- 
crete pavements. 

In view of the probable reliability of the already established tem- 
perature coefficient of expansion, all efforts of the laboratory were 
directed toward obtaining the change in length of concrete due to 
other causes. It has been shown, originally by Bauschinger and sub- 
sequently by other investigators, that both neat cement and mortar 
contract to a considerable degree upon hardening in air, while, on the 
other hand, they show considerable expansion when placed in water. 
Some of the values of contraction of neat cements and mortars, re- 
ported by White in the 1911 Proceedings of The American Society 
for Testing Materials, are as follows: 


Shrinkage of neat cement kept in air. 


Per cent. 

4 days. (average of6 specimens) 2222. aaa 0. 109 
28 days (average of/6 specimens) 2822-2 eee . 190 
6 months (average of 6 specimens)__-_____»____- = . 236 
1 year (average of 5.specimens))_222—2-- ~. See ee . 270 
2 years (average of'5 specimens) 222... = eee eee . 289 
4 years, (average ofp specimens) 222... __ sae .o22 


Temperatur and wechseldner Feuchtigheitsgrad,’ Tonind. Zeit. 19, 469 and 487, 1894. 
Pence, W. D., “ The Coefficient of Expansion of Concrete,” Eng. News, 46,380 (1901). 
Norton, Chas. I., ‘‘Some Thermal Properties of Concrete,’ J. Am. Soc. Mech. Eng., 

June, 1913, p. 1012. 

Rudeloff and Sieglerschmidt, ‘“‘ Untersuchungen iiber die Langeniinderungen von Beton- 
prismen beim Prharten und in folge Temperaturwechsel,’’ Deutsch. Auschuss fiir Hisen- 

beton, Heft 23, 1913. 
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According to these figures, neat cement shrinks about 2% inches in 
100 feet when kept in air six months, and in four years the shrinkage, 
due merely to the drying out of the moisture, amounts to almost 4 
inches in 100 feet. Mortar mixed in the proportions of 1 part of 
cement to 3 parts of sand, when allowed to harden in the air, shrinks, 
according to White’s results, from 0.08 per cent to 0.1 per cent. 
These figures confirm in a general way the previously published 
figures of Bauschinger and others. 

As neat cement and mortar were known to have this physical 
characteristic of expanding and contracting, depending upon their 
moisture content, it was considered reasonable to suppose that con- 
erete, too, would show the same general behavior. The following 
laboratory tests were made on concrete to determine the amount of 
movements produced by the drying out and absorption of water. 
These movements, combined with temperature movements, probably 
account for most of the expansion and contraction of concrete pave- 
ments, and a knowledge of their values is of assistance in the design 
of expansion joints. 


DESCRIPTION OF EXPANSION AND CONTRACTION SPECIMENS. 


White and the earlier investigators made tests on the change in 
leneth of neat cement and mortar with specially designed micro- 
meters on very small specimens, White’s being only 4 inches in length. 
Obviously it would be impossible to use such small test pieces as these 
to determine the expansion and contraction of concrete containing 
coarse aggregates, and the type adopted was a column 8 inches square 
and 5 feet high. The column form of specimen was used to permit 
the free expansion of one end, in this way preventing friction from, 
affecting the accuracy of the measurements. 


PREPARATION OF SPECIMENS. 


All concrete mixtures were proportioned by weight with a stand- 
ard brand of Portland cement, Potomac River sand, and crushed 
gneiss or gravel. The cement was normal and passed the specifica- 
tions of the American Society for Testing Materials. The sand was 
coarse and clean and considered a good grade of concrete sand. All 
concrete was hand mixed and was made of various consistencies. The 
specimens of very dry consistency required hard tamping to consoli- 
date the concrete in the mold, while those of wet consistency were 
made simply by puddling the mixture in place. The amount of 
water used for the dry mixtures was about 8.5 per cent of the weight 
of dry materials. For the wet mixtures from 10 to 12 per cent was 
used. | 
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MEASURING APPARATUS. 


Referring to figure 1, it will be noted that to measure the change 
in length of the specimen, crossbars of steel one-half inch square were 
cast in the concrete. They were placed 50 inches apart, center to 
center, and this was considered the 
gauge length of the measurements. 
On each end of these bars a plug of 
steel with a rounded conical point 
was fastened, and micrometer meas- 
urements were taken between these 
points on each side of the specimen. 
Two readings were taken, so that 
unequal movements of the two sides 
of the specimen could be cared for 
by averaging the readings, thus ob- 
taining expansion or contraction 
along the center line. 

For obtaining the readings a spe- 
cial form of instrument (fig. 1) was 
designed and constructed in the labo- 
ratory. It consisted of a micrometer 
head reading to 0.0001 inch mounted 
at the end of a steel yoke. This 
yoke contained two steel rods five- 
sixteenths of an inch in diameter 
bolted to two end crosspieces, one 
holding the micrometer and_ the 
other a flat-ended steel pin. In tak- 
ing measurements the flat-ended pin 
was held in contact with the lower 
conical point of. the specimen, and 
the micrometer was screwed down 
to contact with the upper conical 
point. During the initial readings 
electrical contact was used in order 
to read the micrometer to the nearest 
(0.0001 inch. This, however, was dis- 
carded when it was found that read- 
ings of sufficient accuracy could be 
attained without it. In order that 
any change in the measuring instrument, due to wear or accident, 
might be detected, readings were taken repeatedly on a steel gauge 
bar hung from the specimen. Before any reading was made the in- 
strument was hung alongside the specimen for a suflicient time to 
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bring it to constant temperature as determined, by a thermometer 
likewise hung beside the specimen. A thermometer was inserted 
also in a horizontal orifice in the middle of 
the concrete specimen, and the tempera- 
ture was noted at each reading. Finally. 
all readings were corrected to eliminate 
the effect of differences in temperature, 
whether due to chemical activity of the 
cement in hardening or to external 
changes. In figure 2 is shown a specimen 
with measuring instrument attached. 


RESULTS OF EXPANSION AND CONTRAC- 
TION MEASUREMENTS. 


The results of these laboratory measure- 
ments are best seen by reference to the 
following curves: 


AGE IN DAYS 


ON 


UNIT CONTRACT! 
C oe 

2° 

3 
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Fic. 2.—Specimen and appa- 
ratus for measuring the ex- 
pansion and contraction of 
concrete. 


S We 
«Si aan oe ee 
: ‘ cement stored in the warm, 


Fig. 3.—Neat cement, stored in air. dry air of the laboratory. It 

will be seen that shrinkage 

takes place immediately, and at the age of 6 months a total shrinkage of 0.155 

per cent, or 1g inches, in 100 feet took place. This is much less than the results 
of White, who observed a shrinkage of 0.236 per cent, or 22 inches, in 100 feet. 


NEAT CEMENT, STORED IN AIR. 


On figure 3 is shown a typi- 


6. 
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1:2 AND 1:3 MORTAR, STORED IN AIR AND ALSO IN WATER. 


The shrinkage of mortar when stored in air and the expansion when stored in 
water are shown clearly on the diagrams in figure 4. Note that the changes are 
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somewhat greater in the 1:2 than in the 
1:3 mortar. The shrinkage of air-cured 
1:3 mortar which has been allowed to dry 
out is approximately 0.078 per cent at the . 
age of 6 months, and that of 1:2 mortar 
at the same period is 0.085 per cent, which 
figures are quite like those of other in- 
vestigators. It will be noted that both the 
1:2 and 1:3 mortars haye expanded 
when immersed in water, and at 6 months 
the values for the respective mortars are 
0.015 per cent for 1:3 and 0.025 per cent 
for, lt. 


CONCRETE STORED IN AIR. 


On figure 5 is shown the behavior of 
conerete when it is allowed to dry out 
immediately after molding. The speci- 
mens are 1:2:4 and 1:3:6 mixtures of 
very wet and of very dry consistencies. 
It is seen that contraction takes place 
almost immediately, due to drying out of 
the water, and at the age of 1 week the 
approximate contraction is from 0.01 to 
0.03 per cent, or from 0.0001 to 0.0005 
inch per inch of length. If the modulus 
of elasticity of concrete is assumed to be 
2,000,000 pounds per square inch in ten- 
sion, the tensile stress that would be de-- 
veloped by a contraction of only 0.0001 
inch per inch of length would be 2007 
pounds per square inch. Unless free con- 
traction of the concrete. were provided 
some of this stress would be developed 
and cracking surely would result, as the 
tensile strength of the concrete then 
would be exceeded. These curves repre- 
sent merely the contraction due to change 
in moisture, and all temperature effects 
are eliminated. 


1:2:4 AND 1:3:6 CONCRETE, ALTER- 
NATELY WET AND DRY. 


The curves on figure 6 show very clearly 
the effect of changes in moisture content 
on the change in length of conerete. The 
specimens were mixed in different pro- 
portions and consistencies, and all were 
kept wet for 15 days after pouring the 


iThe ‘ flow” effect of concrete probably will decrease this figure. This is mentioned 


later. 


S 


- 80045°4 


EXPANSION 


CONTRACTION 


UNIT 


© 3 MORTAR SPECIMEN 


ae thy A a 
a 3 8 2 AGE IN DAYS g 2 e 8 ie 2 , 
= WATER CURED T T 
mi 
© abo 
4 |_| 
Teme “4 
aa fe | le i all 
—|—|— ll : 
= == aig I 1 BIE tt a] 4 
+ > Pales i i = = + 
x a a | eo 
a es J 


80045°—17—Bull. 532. (To face page 6.) 


No. 1. 


Fic. 4—1;2 and 1:3 mortar, stored in air and also in water. 
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Wie. 6.—Dxpansion and contraction of 1;2:4 and 1;3:6 concrete alternately wet and dry. 
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eoncrete. This was done by covering them with burlap and keeping the bur- 
lap wet constantly. As soon as the concrete had become sufficiently hard, or 
in most instances not over two days after pouring, the forms were removed 
and initial readings of the Specimens were made. 

Referring to the curves, which are plotted with age in days as abscissas and 
with unit expansions and contractions as ordinates, note that during the first 
15 days when the specimens were kept wet there was a continuous expansion, 
the maximum’ amounting to about 0.0001 inch, or 0.01 per cent. At the end of 
15 days the specimens were permitted to begin drying out, and the effect of this 
drying is seen on the curve, which drops, or shows contraction, immediately. 
The specimens continued to contract for a period of practically one year, when 
the maximum contraction was about 0.0006 inch, or 0.06 per cent. After the 
specimens were more than a year old (460 days and 540 days) they again were 
kept continually moist and immediately started to expand, but did not regain 
their former length. The amount of expansion was roughly 0.0004 inch per 
inch of length, or about 0.0002 inch short of their original length. Note that 
during the first few days after reimmersion these specimens expanded only 
from 0.0001 to 0.0002 inch per inch of length and their subsequent expansion 
was slow, requiring several months to reach the maximum. ‘The above speci- 
mens were dried in the rather dry and warm atmosphere of the laboratory, and 
therefore were almost as dry as it was possible to make them. It will be 
noticed that there is no great difference in the contraction and expansion of 
the different mixtures tested, whether they were 1:2:4 or 1:3:6, very wet or 
very dry. Comparing figure 5 with figure 6, it will be noted that the ultimate 
contraction is about the same whether or not the concrete was subjected to an 
initial period of wetting. 

Let it be supposed that the ends of a concrete construction are immovable 
and that it is subjected to extremely dry conditions, so that it will shrink 
0.0006 inch per inch of length. Then, if a modulus of elasticity of 3,000,000 
pounds per square inch is accepted as correct, the tensile stress produced will 
be 3,000,000 X 0.0006=1800 vounds per square inch. Obviously, under such con- 
ditions as these, concrete must crack, since a stress, of only 200 pounds per 
square inch is not far from the maximum tensile strength of concrete. There 
are, however, very few concrete structures that are subjected to’ the degree of 
drying out suffered by the specimens reported, and the results are given merely 
to show what can and does happen to concrete under conditions favorable to its 
thorough drying. 

These curves show quantitatively what occurs in a concrete pavement just 
after it is laid and demonstrate the efficacy of the practice of keeping the 
concrete wet for a short period after pouring. The curves show that concrete 
remains expanded as long as it is wet and contracts as soon as it begins to 
dry out, with the consequent tendency to form cracks. In a concrete pavement, 
where there is always some restraint due to friction at the base, any tendency 
toward shrinkage will be resisted, and tension will be developed. In the 
earlier stages of hardening the tensile strength of concrete is very low, and 
consequently a very minute shrinkage may produce cracking, irrespective of 
the presence of expansion joints. 

A consideration of the excessive shrinkage of concrete due to complete 
drying out, with a resulting hazard of overstress in tension, shows the great 
necessity for maintaining concrete structures in a moist condition for a few 
weeks after pouring. By this’ practice it is seen that they may be kept 
expanded, and, therefore, under small compressive stress. When they do dry 
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out, after several weeks, they shrink and develop tension, but they are then 
somewhat fortified by their maturity and are better able to resist the tensile 
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way and are subjected to no other influences. Recent researches * have shown 
that under constant stress concrete exhibits a slow yielding, or “ flow,” making 
the deformation produced by constant stress very much greater than that 
produced by a static stress of short duration. In the curves on figure 7 it is 
seen, again, that there is very little 
difference between the contraction 
and expansion of 1:2:4 and1:5:6 
concrete, whether wet or dry. Ap- 
parently there is not enough dif- 
ference in the degree of richness 
of the mixture to cause a differ- 
ence in the contraction and expan- 
sion of concrete. The maximum 
contraction obtained in this set of 
experiments was about 0.0008 inch 
per inch of length. 


GRAVEL CONCRETE, STORED OUT 
OF DOORS. 


557, 1:2:4 gravel concrete 85 per 


On figure 8 is shown the effect 
of exposure to the atmosphere of 
a specimen made of 1:2:4 gravel 
concrete. This specimen was 
stored in a vertical position out of 
doors at a place where it was in 
shade for perhaps three or four 
hours every day. No effort was 
made to protect it from rain or 
sun. This curve, like the preced- 
ing ones, simply shows the effect 
of moisture, all temperature effects 
having been eliminated. It is seen 
that there has been but very little 
change in the length of the con- 
erete due to moisture changes in 
the specimen. This seems reason- 
able to expect ina specimen cured 
out of doors, as the alternate wet- 
ting and drying to which it was 
subjected, due to changes in the 
weather, occurred with such fre- 
quency that there was little chance 
for moisture changes to be effec- 
tive, and it has been pointed out 
already that large changes in 
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Fic. 8.—Specimen No. 556, 1: 2:4 gravel concrete cured outdoors. 
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0.0002 inch per inch of length may 
occur in the course of a few days. The influence of moisture on this specimen 
cured out of doors probably is somewhat typical of the behavior of concrete in 
roads that have a well-drained subbase. 


1“ Wow of Concrete under Sustained Loads,” by E. B. Smith, Proceedings of American 
Concrete Institute, 1916. 
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GRAVEL CONCRETE WITH HYDRATED LIME, STORED IN AIR. 


Curve 557 on figure 8 shows the contraction of a 1:2:4 gravel concrete 
specimen in which 15 per cent of hydrated lime was substituted for cement. 
This specimen was cured indoors and allowed to dry out immediately after 
molding. Here again, as in the case of the ordi- 
nary concrete specimens, we have a progressive 
eontraction, the maximum amount being about . 002 
0.00045 inch. This is somewhat less than in the 
specimen untreated with hydrated lime. As but 
one specimen was measured, no claim can be 
made that the hydrated lime aided in decreasing 
the contraction. 


TAR-COATED SPECIMEN. 


It is reasonable to expect that any application 
of more or less waterproof material to the sur- 
face of the concrete will greatly retard the ab- OS! 
sorption of moisture, or, if the concrete be 
already wet, will prevent it from drying out 
rapidly. In order to determine the effect of 
such a coating on the change in length of con- 
crete, a mixture of 1:2:4 concrete, having a 
crushed gneiss aggregate, was prepared, and 
measurements were started two days after 
pouring. It was then immersed in water and 
the measurements continued. At the end of 13 
days the specimen was removed from water and, 
after surface drying for one day, a hot applica- 
tion of vertical retort tar was made. Note that 
after 13 days’ expansion continued slightly, al- 
though the specimen had been removed from 
the water and coated with tar, while at the end 
of about 80 days this expansion ceased and a 
slight contraction began. However, the speci- 
men was still somewhat expanded up to the 
end of 150 days, after which it contracted very 
slowly. The tar coating evidently served to re- 
tain the moisture in the concrete for a con- 
siderable length of time and thus kept it ex- 
panded. 


Fic. 9.—Tar coated specimen. 
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REINFORCED CONCRETE SPECIMENS. 


CIMEN REMOVED FROM WATER AND COATED 
WITH TAR AFTER SURFACE DRYING FOR ONE DAY. 


Four specimens were made up of 1: 2:4 gravel ry D 
conerete containing 0.61 per cent, 1.2 per cent, W e 


and 1.8 per cent of steel. These specimens were 
allowed to dry out in the air of the laboratory, 
and measurements were taken at frequent in- 
tervals. The plain gravel specimens showed a 
maximum contraction of only 0.035 per cent at NOWWWx0s3a0 LINN 
the age of 6 months, as compared with 0.06 per 

cent for the crushed gneiss specimens previously reported. This difference in 
contraction is not due necessarily to the different aggregates. The specimens 
containing 0.61 and 1.2 per cent steel showed a contraction of only 0.02 per cent, 
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while the specimen containing 1.8 per cent steel contracted less than 0.01 peh 
cent, or about one-fourth of the contraction of the plain concrete specimen. 
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Fic. 10.—Effect of reinforcement on expansion and contraction. 


If there were perfect bond between the 
conerete and the steel, this amount of 
shrinkage in the concrete wouid pro- 
duce a stress of about 3,000 pounds 
per square inch in compression in the 
steel reinforcing of specimen No. 549, 
and about 7,500 pounds .per square 
inch in specimens Nos. 547 and 548. 
The more concrete is restrained from 
shrinking, the greater will be the ten- 
sile stress induced by the compression 
in the steel. The specimen containing 
1.8 per cent of steel contracted, roughly, 
0.0001 inch per inch of length, while 
the plain, and therefore unrestrained, 
specimen contracted 0.00035 inch. In 
other words, the steel prevented the 
eonerete from contracting by an 
amount equal to 0.00025 inch per inch 
in length. Assuming the modulus of 
elasticity of this concrete to be 
3,000,000, the tensile stress produced 
by 0.00025 inch elongation would be 
3,000,000 multiplied by 0.00025, equals 
750 pounds per square inch, which 
stress, if it actually existed, would, of 
course, surely produce cracking of the 
conerete. If cracks were present in 
the specimens, they were not discern- 
ible, but they usually would be very 
small, and, moreover, it is probable 
that the slow flow of concrete pre- 
viously mentioned took place under 
the extremely gradually applied load, 
making the induced tensile stress very 
much smaller than the calculated 
amount. Reinforcing, it is seen, does 
not prevent the contraction of concrete 
due to the drying out of the moisture, 
and in view of the fact that steel and 
eonerete have very nearly the same 
coefficient of expansion and contrac- 
tion, the steel can not aid in any way 
in preventing changes due to tempera- 


ture. Reinforcing can not prevent the cracking of concrete, but it does serve the 
purpose of holding the cracks together and keeping them exceedingly minute. 


SPECIMEN REINFORCED ON ONE SIDE. 


If a concrete road be reinforced with steel placed either near the top or bot- 
tom surface, any shrinkage resulting from drying out necessarily must be un- 
equal at the two surfaces because of the restraining influences of the steel. To 
show the relative amounts of this shrinkage a specimen was made of 1:2:4 
concrete, reinforced by two 3-inch round rods with their centers placed 1 inch 
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from the side of the 8 by 8 inch column. The curve on figure 11 was obtained 
partly by measurement and partly by theory, assuming that the deformations 
from the reinforced side to the plain side varied as the ordinates to a straight 
line. This assumption has been shown to be true a number of times in the 
cases of beams subjected to bending stresses. Note that the steel seems to have 
had a bending effect on the specimen, the unreinforced side shrinking much 
more than the reinforced side. The amount of shrinkage on the plain side of 
the column at the end of one year amounted to approximately 0.1 per cent; that 
of the steel amounted to 0.03 per cent. Any such shrinkage as this would tend 
to cause compressive stresses in the concrete on the unreinforced side and ten- 
sile stresses in the concrete on the reinforced side. In a concrete pavement, 
with the reinforcement placed near the top or bottom, there would be unequal 
shrinkage at these two surfaces, thereby creating a tendency to curl and crack. 
To eliminate the unequal shrinkage in concrete pavements, due to eccentric 


NOTE: CONCRETE DEFORMATIONS MEASURED ON UNREINFORCED SIDE 
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Fic. 11.—Specimen reinforced on one side.: 


placing of the steel, and at the same time to take care of settlement cracks as 
efficiently as possible, it is well to place the reinforcement in the center of the 
pavement. 


MEASURING THE EXPANSION AND CONTRACTION OF CONCRETE 
ROADS. 


Although the laboratory measurements of expansion and contrac- 
tion of concrete gave much information on the influences affecting the 
length of a concrete road, the actual conditions of moisture in the 
road are so different from those of the laboratory that it was thought 
well to obtain additional information of the movements that take 
place by actually measuring the changes in the road. 

A concrete road is subjected to a great range of variables. In the 
initial stages of its hardening it generally is kept moistened arti- 


EXPANSION AND CONTRACTION OF CONCRETE, 13 


ficially for a period of 10 days. It is then subjected to all of the 
changes of temperature and moisture of the atmosphere. In addi- 
tion to atmospheric influences, however, the condition of the sub-base 
has an effect on the condition of the concrete. If the sub-base be not 
well drained, there will be very little tendency for the concrete to dry, 
irrespective of weather conditions. On the other hand, with a well- 
drained sub-base the moisture may disappear rapidly after a heavy 
rain, and the concrete then will dry out quickly. In either case the 
concrete will absorb much moisture from the underlying soil by 
capillarity, so that the extreme drying experienced by laboratory 
specimens rarely will take place in the concrete road. The shrinkage 
changes of laboratory specimens therefore should be expected rarely 
in actual construction, as the conditions are not generally favorable. 
Tt is possible, however, that expansion due to the absorption of mois- 
ture will be accentuated in the concrete road. 

A special instrument was designed by one of the authors in order 
to study the effect of temperature, moisture, and any other physical 
influences on the expansion and contraction of concrete roads. As 
the movements in the concrete undoubtedly were small, it was neces- 
sary that the measuring apparatus possess great accuracy. It also 
was necessary, in view of the great temperature ranges to which the 
instrument would be subjected throughout the day’s work and at 
various seasons of the year, to have some means of correction for 
these changes in temperature. It was considered advisable, in view 
of the extremely small changes in length expected in the concrete, 
to make the measurements over quite a large gauge length, and for 
this reason 10 feet was selected as the length of the instrument. The 
device (fig. 12) in its final shape as used on the road, is made up of 
two gauge tubes, one of steel and one of brass, supported so that they 
can not bend, and provided with rounded tips against which meas- 
urements are made with micrometer screws. By means of these 
micrometer measurements, corrected to constant temperature, the 
changes in length between plugs set in the concrete road are obtained. 

The tubes A and B are the gauge tubes, and they are supported 
at frequent intervals by brass disks, D, fastened within a brass casing, 
K, 2 inches in diameter. This casing extends the full length of the 
instrument and is surrounded and supported at intervals by another 
casing, F, 3 inches in diameter. At the ends of this outer casing are 
two collars, N, which rest in the supporting blocks, G. These blocks 
are provided with pins, H, whose conical ends fit into holes drilled 
in bronze plugs set in the road during its construction. One end sup- 
porting block, G, is provided with flat-ended contact pins, J, and the 
block at the other end of the instrument carries micrometer screws, I. 
Adjusting screws, M, shown in the end view are provided merely to 
support the instrument on the road, when not in use. The fiber col- 
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lars, L, likewise are provided 
merely for protection when 
the tube is detached from the 
end supporting block. 

The great length of the in- 
strument with the consequent 
attendant probability of the 
temperature at the two ends 
being different, due to one end 
being in the shade and the 
other in direct sunlight, led to 
the use of two gauge tubes 
of . different materials from 
which to take measurements. 
Knowing the coefficients of 
expansion of these tubes, ob- 
tained by proper calibration, 
the difference in the microm- 
eter readings furnished a 
means of obtaining the tem- 
perature of the bars. This 
temperature then could be 
used in correcting the microm- 
eter measurements to a stand- 
ard temperature. Thermom- 
eters were inserted in the 2- 
inch casing at the ends of the 
instrument. The mean of 
these end temperature read- 
ings, as a rule, approached 
within 1° C. of the tempera- 
ture obtained from the mi- 
crometer readings. 

Before using this instru- 
ment on the road it was cali- 
brated in order to obtain the 
coeflicients of expansion of the 
steel and brass. tubes. In do- 
ing this a 10-foot steel gauge 
bar was mounted in a tank of 
water and immersed about 1 
inch below its surface. Ther- 
mometers were laid in the 
water on top of the gauge bar 
and read from time to time 
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Fic. 12.—Instrument for measuring the expansion and contraction of concrete roads. 
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to insure that the temperature was not changing. The instrument 
then was mounted on the gauge bar, and a jet of steam was passed 
through the inner casing surrounding the steel and brass tubes. 
When the temperature of this inner casing had become constant, 
micrometer readings were taken. A stream of cold air then was run 
through, and again temperature readings were taken at each end of 
the instrument, until it was determined that the inside temperature 
had become constant. Micrometer readings were taken again. Sev- 
eral sets of readings made in this way gave values for the coefficient | 
of expansion of the steel tube averaging 0.0000110 per degree centi- 
grade, and for the brass tube 0.0000179. Knowing the difference in 
readings in the steel and brass tubes at the two measured temperatures, 
and having determined the coefficients of expansion of the metals, a 
curve giving the difference in length of the bars at various tempera- 
tures was plotted readily. When readings were made out on the road 
the temperature of the bars of the instrument was obtainable easily 
by means of the difference in their measured length. 

Bronze plugs spaced 10 feet apart were set in the concrete road. 
A depressed cone formed the top surface, and its center was drilled 
with a one-sixteenth-inch drill. The top of the plug was protected 
with a brass tube which was set flush with the surface of the road, 
and, except when readings were taken, was filled with putty. Great 
care had to be exercised in setting the plugs as nearly 10 feet apart 
as possible so as not to exceed the range of the instrument. ‘The 
greatest possible care likewise was taken to keep the holes in the 
plugs clean while measurements were being made. 

In manipulating the instrument one operator was required at each 
end. After setting the supporting points of the blocks into the holes 
drilled in the plugs the brass and steel gauge bars were slid gently 
through the casing a very short distance, slightly jolting the blocks. 
This seemed to settle them into place so that check readings could 
be taken. After each reading the instrument was removed entirely 
from the holes and reseated. The readings were repeated again, and 
an average of three or four more was recorded as the true reading 
for the set. The steel-bar reading then was corrected to what it would 
have. been if the bar had remained at constant temperature, and in 
this way changes in temperature of the instrument were eliminated. 


RESULTS OF TEST MEASUREMENTS AT CHEVY CHASE, MD. 


Beginning in September, 1912, a length of experimental road was 
constructed on Connecticut Avenue, beginning at Bradley Lane and 
extending north to Chevy Chase Lake. This road was composed of 
six sections of different varieties, as follows, beginning at Bradley 
Lane: 


Section I. Bituminous concrete, Topeka specification. 
Section II. Bituminous concrete, District of Columbia specification. 
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Section III. Cement concrete, surface treated with bituminous materials. 

Section IV. Oil-cement concrete. 

Section V. Cement concrete. 

Section VI. Vitrified brick. 

Some of the above sections were not built in continuous lengths. 

Because of unfavorable weather, work was stopped on this road 
on December 15, after the concrete of Section III had been poured. 
Work was resumed in the following spring and carried to comple- 
tion. On the bottom of figure 13 will be found a partial layout of 
the various sections of the road as constructed, giving the dates of 
construction and the character of the coarse aggregate. A complete 
description of the road and method of construction may be found in 
other publications of this office. 


During the construction of the cement concrete sections bronze 
plugs of the type previously described were inserted in the road sur- 
face, spaced 10 feet apart in a line 5 feet from the east side of the 
road. At every fifth plug there was placed also a transverse plug 
offset 10 feet from the line of plugs paralleling the road. The layout 
of the sections of the road measured is shown in figure 13. 

The first set of measurements was taken as soon as practicable 
after the concrete had hardened. The dates and temperatures are 
given on this plate just above the road layout. Referring to the 
second set of readings, it will be seen that in general, when the tem- 
perature is lower than the initial temperature, the uncracked portions 
of concrete show contraction, and when the temperature is higher 
than the initial temperature, expansion occurs. Cracks are indicated 
by dotted lines and are seen at various intervals throughout the 
length of the road, in practically all the different sections except 
that containing limestone aggregate. In the cold weather, during 
which this set of readings was taken, the cracks opened up, as shown 
by the expansion readings. The shrinkage of the concrete naturally 
would cause an opening of the cracks. 

In the spring of 1913 a bituminous carpet coat was placed over 
the concrete up to the end of the oil-cement gravel-aggregate section 
(station No. 210), and expansion measurements were made in the 
hot weather of the spring, summer, and fall. It is interesting to 
note that the readings taken on July 3; 1913, all showed expansion, 
even those taken over the cracks. Expansion at the cracks as well 
as in the concrete is rather difficult to account for with certainty. 
However, during the previous winter the cracks undoubtedly opened 
up very wide during the coldest weather, owing to low tempera- 
ture contraction, aided perhaps by the freezing of water in the cracks, 
and became filled with material from the road which prevented 
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Fie, 18.—Hxpansion and contraction of concrete 102d, Connecticut Ave, extended, Chevy Chase, Md. Laid in 1912 and 1918. 
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them from closing when the expansion of the adjacent concrete took 
place. The section of road read on July 3 was adjacent to a stretch 
of bituminous concrete laid on a concrete base. On the very hot 
day preceding these readings there was an upheaval at the junction 
of the concrete section with the bituminous concrete section, and the 
concrete base of the bituminous pavement was sheared off to some 
extent. Note that one of the cracks had opened more than one-eighth 
of an inch when the readings were taken. 

Measurements made on August 19 are very little different from 
those of the preceding February, notwithstanding the high tempera- 
ture existing during the August readings. The September 5 and 
June 17 readings also are peculiar in that they show very little change 
from those of the preceding winter, and, moreover, the June 17 read- 
ings still show contraction, notwithstanding the hot weather. On 
June 18, with the temperature not greatly different from that of the 
preceding day, a slight expansion was shown. No definite conclu- 
sions can be drawn from the remaining readings of the third set. 
Some of the cracks which had opened in the preceding winter re- 
mained open during the summer, and others became smaller. 

In April, 1914, an incomplete set of readings was taken and the 
concrete in general showed decided contraction compared with the 
preceding summer. The contraction of the concrete was accom- 
panied by an opening of the cracks. The low temperature here seems 
to have played an important part in influencing the length of the 
concrete. 

The fifth set of readings, taken in the spring and summer of 1914, 
on the whole shows the same characteristics as the third set. In the 
previous July (1913) the section of road which had buckled was cut 
out and filled with three double courses of vitrified paving brick 
- with tarred joints. In the spring of 1914 buckling again took place 
at the same spot, and the bricks were removed and the space filled 
with concrete. 

Note that at the fifth set of readings some of the cracks showed 
by actual measurement an opening of nearly one-quarter of an inch 
at the section where maximum expansion took place. The crack 
openings were even wider than during the preceding summer. Un- 
fortunately, no measurements were made over this section during 
the winter of 1914. Itis probable, however, that such readings would 
have shown that the cracks had opened very wide at this season and 
then were prevented from closing again because of becoming filled 
with loose material. It will be seen that at other sections of the road 
cracks which were indicated as quite small by some of the previous 
readings had opened wide. Note the large expansion in the crack 
which opened in the plain-cement gravel-aggregate ‘section, read on 
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June 3, 1914, and the comparatively large contraction in the crack 
about 100 feet away. . 

Figure 15 plots the results of that part of the Chevy Chase meas- 
urements taken over the uncracked portion of the concrete. The 
ordinates represent the unit deformations of the solid concrete and 
do not include the movement at the cracks, and the abscissas repre- 
sent age. At the bottom are plotted temperature and precipitation 
measurements for the vicinity of Washington, supplied by the 
Weather Bureau. The daily precipitation records were averaged for 
each month, and the average precipitation for the month is plotted 
on an exaggerated scale and is shown by the dotted line. . It will be 
seen that there is no decided relation between the shape of the expan- 
sion and contraction curves and that of the precipitation curve. On 


Fie. 14.—The measuring instrument in use on the Chevy Chase Road. 


the other hand, there is a tendency for the expansion and contraction 
curves to conform with the temperature curve. Note that as the 
temperature decreases at the approach of winter the concrete con- 
tracts, and in the summer season, during the highest temperatures, the 
concrete expands. It would seem from this set of measurements that 
temperature changes have played a more important part than have 
atmospheric moisture changes in influencing the movements of the 
concrete. The moisture in the concrete may or may not bear any 
relation to the atmospheric moisture, but will be influenced by 
the degree of wetness of the sub-base. Therefore, no very great im- 
portance can be attached to the precipitation record. Note that at the 
beginning of the measurements, just after the concrete was laid, there 
was a contraction in every case, notwithstanding the fact that the 
temperature remained not far from constant. It would seém that this 
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| 
initial contraction must be explained by the drying out of the mois- 
ture in the concrete. It has been shown in the previously described 
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Fig. 15.—Curves of unit expansion and contraction of uncracked portions of concrete 
road, Chevy Chase, Md. 
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laboratory tests that great shrinkage of concrete can take place during 
the initial stages of hardening, due to the drying out of the moisture, | 
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and it is an observable fact that as soon as the wet-earth covering is 
removed from the surface of the concrete it begins to dry out and, 
necessarily, to shrink. The maximum average shrinkage shown by 
the concrete in any of the sections of different mixtures was approxi- 
mately 0.0001 inch per inch of length, and this occurred about three 
months after the pavement was laid. The temperature in this time, 
however, had dropped 20°, and this fall in temperature accounts 
almost exactly for the shrinkage. It has been shown by means 
of laboratory specimens stored out of doors and subjected to all the 
changes of the atmosphere that very little change in length takes plaee. 
under such conditions. It seems probable that the moisture content 
of the concrete at Chevy Chase changed so little that the length of the 
concrete was very little affected thereby. A hard rain, thoroughly 
soaking the concrete, will have no immediate great effect upon its 
length. It has been pointed out that moisture changes are rather slow 
and progressive, and therefore it is unlikely that hard rains of even 
several days’ duration will have great effect on the expansion of the 
concrete in the road. 


EXPANSION AND CONTRACTION OF OHIO POST ROAD.1 


These measurements were taken over three 300-foot experimental 
sections of the concrete Ohio Post Road constructed in 1914 under 
the supervision of the Office of Public Roads. The Ohio Post Road is 
located partly in Muskingum County and partly in Licking County, 
Ohio, and runs west from Zanesville, Ohio, for 24 miles over the old 
National Pike to the Moscow Bridge over the South Fork of the 
Licking River. This road was constructed on a sub-base composed 
mainly of a stiff red clay. The total width of concrete surfacing is 
16 feet, with a thickness of 6 inches at the edges and 8 inches at the 
center. Expansion joints made of one thickness of 2-ply tar paper 
were spaced 30 feet apart throughout the length of the road, with the 
exception of the three experimental sections, on each of which the 
spacing varied from 20 feet to 100 feet, intervening sections being 
40, 60, and 80 feet long. Expansion joints were placed at an angle 
of 15° across the road. Both gravel and crushed stone were used 
as coarse aggregate, the proportions in the former case being 1:14:3 
and in the latter 1:1%:3. Crushed stone used in the experimental 
sections was obtained from limestone quarried on the Scioto River at 
Marble Cliff. The sand and gravel were obtained from a washing 
plant at Dresden, Ohio. 

As soon after laying as possible the concrete surface was covered 
with canvas, which was removed when the concrete was 24 hours old 
and replaced by a 2-inch earth covering. This was allowed to remain 


1The authors desire to acknowledge the assistance of the Ohio State Highway Depart- 
ment in conducting the tests on this road. 
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om the road for two weeks and was kept wet. At the end of that 
tiie it was removed and the road opened. 


LOCATION OF EXPERIMENTAL SECTIONS. 


The three 300-foot experimental sections referred to above were 
located on the road as follows: 

Section I, in Licking County, one-half mile east of National Road 
Station. This section comprised the last 300 feet at the bottom of 
a 4 per cent grade 2,000 feet long. The coarse aggregate was lime- 
stone, and the section was laid July 6, 1914. The distances between 
expansion joints varied from 100 to 20 feet, as noted above, with the 
100-foot section at the bottom of the grade. At the time of laying 
bronze plugs, similar to those used in the Chevy Chase experiments, 
were cast 10 feet apart along the center of the road. Readings on this 
section were taken on July 7, 8, and 22, on October 31, 1914, on March 
4 and June 19, 1915, and on February 25, 1916. 

Section II, in Licking County, about 500 feet east of Moscow 
Bridge, on a 0.4 per cent grade. Limestone was used as the coarse 
ageregate, and the spacing of the joints and placing of the measuring 
plugs was the same as on Section I. The first 180 feet of this section 
was laid on July 29 and the last 120 feet on July 30. This break was 
caused by an accident to the mixer. Readings were taken on August 
1, November 2, 1914, on March 3 and June 17, 1915, and on Febru- 
ary 25, 1916. 

Section ITT, in Muskingum County, at Mount Sterling. This sec- 
tion was laid at the bottom of a vertical curve with a 6 per cent grade 
400 feet long rising eastward and a 6 per cent grade 600 feet long 
rising westward. Gravel was used as a coarse aggregate. The sec- 
tion was laid on November 5, 1914, and readings were taken Novem- 
ber 6 and 7, 1914, March 6 and June 15, 1915, and February 22, 1916. 


MEASUREMENTS ON SEctTion I. 


The initial readings on Section I were taken on July 7, 1914, one 
-day after the concrete was laid. The temperature of the concrete 
was determined by means of a thermometer inserted in a small brass 
tube cast in the top of the pavement, the thermometer bulb being 
about 4 inches below the surface of the pavement. The hole was 
packed with putty and covered with a box to protect it from the sun, 
and here the thermometer was allowed to remain until a uniform 
temperature was obtained. On July 8, one day after making the 
initial readings, or two days after the concrete was laid, the second 
set of readings was taken and is shown graphically on the curve. If 
a crack is included within the 10-foot gage length, the reading is in- 
dicated by a dotted line; if a construction joint is included it is 
shown by a dash and dot line. Almost all the readings taken over 
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the solid concrete show a slight contraction, while the joints show 
in expansion, or, in other words, they have opened slightly. The 
contraction of the concrete took place notwithstanding the fact that 
it was wet continually. It is to be noted, however, that the tempera- 
ture fell from 82° on July 7 to 75° on July 8, and this probably ac- 
counts for the slight contraction observed. 

Up to July 22 the road was kept covered with wet clay, and the third 
set of readings was taken on this date. Here it is noticed that there 
is a sight expansion of the concrete with a large contraction at three 
of the joints and an expansion at two. The temperature at these 
readings was slightly higher than that taken during the initial read- 
ings. This, combined with the moisture expansion, could account 
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for the slight expansion noted in the concrete. But during this 
period of initial hardening, while the concrete was kept wet, it is seen’ 
that very little change took place in its length. It is important to 
note, however, that even on the second day, when the readings 
showed a slight contraction of the concrete, a transverse crack ap- 
peared. The slight tensile stress induced in the weak green concrete 
by the contraction evidently was enough to produce rupture. 

Just after July 22 the earth covering was removed from the road ~ 
surface, and it was subjected directly to atmospheric influences. On 
October 31, with the pavement temperature at 50° (32° lower than 
the initial temperature), the uncracked concrete showed large con- 
traction, while the cracks and joints opened or gave an expansion 
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reading on the instrument. The total contraction over the uncracked 
portions of the pavement equaled 0.462 inch in a total length of 230 
feet, or 0.00017 inch per inch of length. The calculated contraction 
for the fall in temperature between the initial reading (82°) and this 
reading (50°) equals 0.000176 inch per inch of length, almost iden- 
tical with the actual measured contraction. 

On March 4, when the temperature of the pavement was 30° F., 
another set of readings was taken. In the interval the pavement 
had been subjected to the extreme cold of the winter. Here again is 
seen the effect of change in temperature upon the concrete: That 
part of it which remained free from cracks contracted 0.000307 inch 
per inch of length. The decrease in temperature during this period 
was 52°, and hence the theoretical contraction would be equal to 
0.00029 inch per inch of length, so that here again the temperature 
influence seems to be borne out by actual measurement. It will be 
seen that the cracks and expansion joints in this section opened con- 
siderably, and the colder the weather the greater the openings be- 
came. | 

In June, 1915, not quite a year after the road was constructed, 
another set of readings was made and gave the results shown on the 
curve. The warm weather had decreased the contraction of the con- 
crete below the amount shown in the preceding March. This section 
was laid in warm weather when the temperature exceeded 82° and 
the temperature for the pavement on June 19 was only 68°, so that 
some contraction of the uncracked concrete should be expected. This 
- amounted to 0.0167 inch, or 0.00006 inch per inch of length. The 
theoretical contraction for this fall in temperature is 0.000077 inch, 
just a little more than the actual measured contraction. A feature 
of this measurement is the great contraction at some of the expansion 
joints and a very large expansion at another joint and at two of the 
cracks. The large contraction or closing of some of the joints and 
the large opening at one may be accounted for by the relative move- 
ments of the slabs due to inequalities in the sub-base and to the fact 
that the section under test is at the bottom of a long 4 per cent grade. 

In February, 1916, the last set of measurements was taken in cold 
weather. Here again the contracting effect of low temperatures is 
seen on that part of the concrete which has remained intact. A con- 
traction of 0.00023 inch per inch of length occurred by actual meas- 
urement, whereas the figured temperature contraction was 0.000264 
inch per inch of length. Temperature again has played a prominent 
part in influencing the length of the concrete. Note that the 100-foot 
length cracked in two places, whereas the sections of smaller length 
did not crack. 
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MEASUREMENTS ON SEcTION II. 


OHIO POST ROAD AT MOSCOW BRIDGE. 


Section IT was laid on a 0.4 per cent grade with limestone aggregate 
with joints spaced successively 20, 40, 60, 80, and 100 feet apart. 
This section, laid one month later than Section I, showed much 
the same characteristics as far as expansion and contraction are con- 
cerned. As the weather became colder and colder, the concrete showed 
more and more contraction. In the hot weather of the summer one 
year after laying the concrete showed about the same amount of 
expansion that it showed three days after laying. One of the cracks, 
however, that had opened in the preceding winter, instead of closing 
because of the expansion of the concrete, remained open, probably 
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owing to the presence of foreign material. This same crack opened 
considerably wider in the cold weather of the following winter, as 
seen in the measurements of February 25, and the remaining joints 
likewise expanded considerably. Note that a crack formed in the 
100-foot section and did not form in the 20, 40, 60, or 80-foot sections. 


MEASUREMENTS ON Section IIT. 
OHIO POST ROAD AT MOUNT STERLING. 
Section III shows much the same characteristics as the preceding 
Sections I and II. This section was laid on November 5, and the 
initial readings were taken on November 6 at a temperature of 51° F. 
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On November 7 the second set of readings was taken at a tem- 
perature of 54° F. A very small expansion of the concrete was indi- 
cated, but at one of the joints a small expansion took place. This is 
somewhat hard to explain but is of no practical consequence, since it is 
so small. On March 6 the third set of measurements was taken when 
the temperature was 37° F., or 14° lower than the initial temperature. 
Note the large contraction of the concrete and the correspondingly 
large expansion at the joints and at the single crack that formed in 
the 100-foot section. 
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On June 15 the fourth set of readings was taken at a temperature 
of 75° or 24° warmer than when the initial readings were made. 
Again it will be noticed that the uncracked portions of the concrete 
have expanded with the higher temperature. A second crack had 
formed during the previous winter, and it, together with the first 
formed crack, showed expansion or widening. Note the enormous 
contraction of one of the expansion joints, a contraction of 0.472 or 

almost one-half inch. One side of this joint overrode the other, so 
that it projected above the surface of the road about 14 inches. The 
last set of readings was taken on February 22, when the temperature 
was 10° F. below the initial temperature of the road. Enormous 
expansions are seen to have occurred at the cracks and smaller expan- 
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sions at some of the expansion joints, and the joint which had pushed 
together and overrode during the preceding summer remained in the 
same condition. 

In an effort to determine whether atmospheric moisture or tem- 
perature played the most important part in influencing the expansion 
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Fig 19.—Curves of unit of expansion and contraction of uncracked portions 
of concrete road, Ohio Post Road. 
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and contraction of the Ohio road, the curves shown in figure 19 
were plotted. The unit expansions and contractions shown were 
obtained by summing up the changes in the concrete in the uncracked 
portions. Each curve represents the unit deformation in a different 
slab of concrete included between different joints or cracks. In the 
same section of road these curves should be of practically the same 
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shape, since the kind of concrete and temperature and other condi- 
tions were identical. The precipitation records were obtained from 
the Weather Bureau records for Columbus, Ohio, and are approxi- 
mately correct for the three different sections of road measured. The 
precipitation records during each month were averaged, and the 
dotted curve represents this average. It is difficult to distinguish the 
effect of temperature from that of moisture, as indicated by the pre- 
cipitation curve, since they are so nearly identical. Again, it must 
be pointed out that the condition of moisture in the concrete is 
dependent on the moisture in the sub-base rather than on atmosphere 
moisture, and the precipitation curve is only a gener al indication of 
the moisture in the sub- base. 


GENERAL DISCUSSION OF THE EXPANSION AND CONTRACTION 
: OF CONCRETE PAVEMENTS. 


The preceding laboratory and field measurements show that con- 
-erete changes in length owing to at least two separate agencies: (1) 
Change in moisture content and (2) change in temperature. 

(1) Change in moisture content——By laboratory measurements 
made on large specimens it has been demonstrated that concrete 
changes in length from its wet condition just after setting to an ex- 
tremely dry condition at six months or one year later by an amount 
equal to 0.0005 to 0.0006 inch per inch of length. A change of 0.0006 
inch is as much as wouid be caused by a change in temperature of 
0.06=0.0000055=109° F. and would produce considerable stress under 
favorable conditions. This change, however, is a very slow one. It 
occurs most rapidly during the first few weeks of drying out and 
becomes very slow at the end of three months. At one year the 
change due to drying will have become constant in amount. It has 
also been seen that when concrete is kept wet it does not contract, but 
it expands and maintains a constant expansion of about 0.0001 inch 
per inch of length. Furthermore, it has been demonstrated that by 
subjecting hardened concrete to alternate wetting and drying, its 
length may be changed irrespective of temperature changes. Such 
moisture changes, however, are rather slow in their action and a pro- 
longed period of wet conditions or a prolonged period of dryness is 
necessary to effect a large change in the length of the concrete such 
as might be obtained in a very short time by the influence of tempera- 
ture. When specimens are stored in the weather and subjected to 
rain and sunshine, they change very little in length because of mois- 
ture changes, unlike specimens that are stored under prolonged con- 
ditions of extreme wetness or dryness. 

In the field measurements on the Chevy Chase and Ohio Post roads, 
except that at Mount Sterling, Section ITT, it is difficult to diccmeuen 
the effects of moisture, since apparently they are overshadowed so 
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greatly by the temperature expansion and contraction. It seems 
that the concrete in the road, when subjected to actual weather condi- 
tions, does not suffer the prolonged extreme ranges of moisture con- 
tent suffered by the laboratory concrete specimens kept indoors in 
the dry air of the laboratory and therefore does not expand or con- 
tract because of moisture changes to the extent that the laboratory — 
specimens change. Undoubtedly in warm, dry weather there will 
be some slight contraction just after the moisture is allowed to dry 
out from the concrete, particularly in a well-drained sub-base. It 
seems that enough of the water absorbed by the concrete, due to rains 
or to capillarity, remains in the concrete during the dry weather to 
prevent much change in length. There may be conditions of pro- 
longed extremes of wetness and dryness in the road which will affect 
the expansion and contraction to an appreciable extent. Thus in the 
spring of the year the prolonged moisture of the previous winter 
might so aid the expansion occurring during the first day of high 
temperature that the road will heave where proper allowance has not 
been made for this expansion. There are also conditions of poor 
drainage in the sub-base, particularly in a low section in the road, 
where the concrete will be practically constantly saturated, in which 
case the expanding effect of the moisture will be in evidence. 

(2) Effect of variations in temperature—field measurements.—It 
has been pointed out that, as a rule, the concrete in a road expands 
and contracts as the temperature rises and falls. It will be interest- 
ing to compare the actual measurements of the expansion and con- 
traction of the concrete in the road with the calculated change, as- 
suming no friction at the base and assuming a coefficient of expansion 
of 0.0000055 per degree F. Table I shows a comparison of the 
actual with the theoretical unit changes in the concrete of the Ohio 
Post Road. 


Taste I.—Change in length of conercte in Ohio Post Road. 


Section I. Section IT. 
Oct. 31. Mar. 4. June 19. Feb. 25. Nov. 2. Mar. 3. 
Change in temperature......-. —32 —h2 —14 —48 —22 —45 
Actual unit change.........-.- —0. 00017 —0. 00031 | —0. 000064 —0. 00023 | —0. 000076 | —0. 000227 
Caleulatedtemperature change] —0.000176 | —0. 00029 | —0.000077 | —0.00026 | —0. 000121 | —0. 000248 
Section II. Section III. | 
June 17. | Feb. 25. Nov. 7. Mar. 6. June 15. Feb. 22. 
Change in temperature....-.-.- | +3 —38 +3 —14 +24 —10 
A otal unit ahahes Lwiahetee Wie ete | +0.000624 | —0. 000168 |+-0. 0000096 | —0.000109 | + 0.000148 +0. 000072 


Calculated teuiperotpnp huang? +0. 000017 | —0.00021 |-+0. 0000165 | —0.000077 | +-0.000132 | —0.000055 
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These comparisons of the actual change with the theoretical 
change, considering temperature alone to be the cause, are ‘inter- 
esting. Observe that in Section I the agreement of the theoretical 
with the actual change in length is quite close, indicating that tem- 
perature was almost the sole cause of the change, and indicating, 
moreover, that the resisting effect of friction at the base must have 
been small. In Section II the agreement is not quite so close, and 
in Section III the agreement is poor. The actual unit change in 
many cases is in excess of the calculated temperature change, thus 
indicating that moisture is causing some expansion and also that 
the restraining effect of friction in preventing expansion and con- 
traction may be quite small. 

The discrepancies between the measured changes and theoretical 
changes are very noticeable in Section III. It will be seen from 
the description of Section III that it hes at the bottom of two 
6 per cent grades and the conditions are very favorable for a wet 
sub-base. Moreover, this section of the road was covered continually 
with mud tracked in from adjacent roads, and this aided in pre- 
serving the road in a moist condition. The actual change in length 
on June 15 and February 22 was greater than the calculated change, 
and these days were preceded by a considerable period of wet 
weather, as shown. by the precipitation curve. These conditions 
were promotive of a wet sub-base, and this probably accounts for 
the increase in expansion of the actual over the theoretical. On 
June 15 the actual expansion is 0.000148 minus 0.000132, or 0.000016. 
On February 22 the excess. unit expansion equals 0.000127 inch. 
As shown by laboratory measurements, this is approximately the 
amount of expansion produced in concrete by continued moisture, 
and this measurement therefore tends to confirm the presumption 
that the moisture effect is causing the difference between the actual 
_ expansion and calculated temperature expansion. The apparently 
small effect of friction in preventing expansion is interesting and 
is not unreasonable when it is considered that the pavement is sub- 
jected to continued vibration which would tend to relieve tem- 
porarily any friction between a wet clay sub-base and the concrete. 
Moreover, the slow yielding of the sub-base as the concrete creeps 
helps to relieve the stresses of friction. 

The foregoing expansion and contraction measurements are pre- 
sented in the hope that they will be of assistance to the engineer 
having charge of concrete road construction. Much theory might be 
developed from these measurements, but this development, together 
with the practical application of the results, will be left for the 
present to the constructing engineer. Some broad conclusions may 
be stated as the result of the investigations described, combined 
with the investigations of others. 
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CONCLUSIONS, BASED ON EXPANSION AND CONTRACTION 
MEASUREMENTS. 


1. Neat cement when allowed to dry, first contracts rapidly, then 
more slowly. The amount of contraction seems to vary with the 
cement, size of specimen, and condition of atmosphere in which 
drying takes place. The amount at 28 days is about 0.1 per cent 
and at 6 months about 0.2 per cent. 

2. Mortar contracts on hardening in air and expands on hardening 
in water. The contraction in warm, dry air at 28 days is about 0.045 
per cent for 1:2 and 1:3 mortar and at 6 months is 0.078 for 1:3 
mortar and 0.085 for 1:2 mortar. The expansion in water is 0.01 per 
cent for 1:3 and 0.017 for 1:2 mortar at 28 days, and at 6 months 
0.013 for 1:3 and 0.02 per cent for 1:2 mortar, ’ 

3. Both 1:2:4 and 1:3:6 concrete contract on drying in warm, dry 
air from 0.02 to 0.04 per cent at 28 days and from 0.04 to 0.07 per 
cent at 6 months. When hardening in water an expansion of about 
0.01 per cent takes place at 28 days and 6 months in 1:2:4 and 1:3:6 
concrete. 

4. The richness of the mix of concrete seems to exert a small in- 
fluence on the contraction; the richer the mix the greater the change 
in length. 

5. Concrete alternately wetted and dried may be made to expand 
and contract owing to these causes. The expansion due to wetting is 
more rapid than the contraction on drying. The thoroughly dried 
specimens of concrete do not recover their original wet length when 
immersed. : 

6. Concrete stored in the outer air and exposed to the weather does 
not contract to the same extent as the above described specimens ex- 
cept under very dry conditions. 

7. A waterproof covering, such as coal tar, prevents the rapid 


change in moisture content and greatly retards the expansion and - 


contraction. 

8. Reinforcement decreases, but does not prevent, the shrinkage 
and expansion of concrete due to drying and has no effect on tempera- 
ture changes. Reinforcement can not, therefore, entirely prevent 
cracks, but seems to distribute them and keep them small. 

9. Concrete roads are affected by both temperature and moisture. 
When the drainage is good and the sub-base not wet, the temperature 
effects seem to be most important. A wet sub-base may add to the 
temperature expansion by about 0.01 to 0.02 per cent. The restrain- 
ing effect of ‘friction at the base seems to be almost negligible when 
figuring temperature and moisture expansion and contraction. In 
very dry climates shrinkage due to drying must be added to contrac- 


—« 
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tion due to fall in temperature. A shrinkage of 0.04 per cent (one- 
quarter inch in 50 feet) is a safe allowance due to drying. 

10. Temperature at time of construction of road should be con- 
sidered in designing joints. Cold-weather construction requires a full 
allowance for temperature expansion and, on wet sub-bases, for mois- 
ture expansion also. Hot-weather construction theoretically requires 
no joints at all, even in wet sub-bases, as the temperature contraction 
exceeds the moisture expansion. However, the difficulty of keeping 
the cracks clear probably renders joints imperative. 
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INTRODUCTION. 


Every season of scarcity and high prices brings renewed inquiries 
regarding the possibility of extending the production of cotton into 
new regions. The industrial uses of cotton are being increased more 
rapidly than facilities of production. As Europe produces scarcely 
any cotton, the industries of many countries are dependent upon im- 
ported raw materials. Manufacturers continually urge the need of 
developing more adequate and regular supplies, especially of the 
better classes of cotton fiber. 

Experience of the frequent fluctuations of crops and prices in the 
American cotton belt have led to numerous attempts, subsidized by 
associations of manufacturers or with the direct support of govern- 
ments, to increase the production of cotton in other parts of the 
world. Statistics show a decline in the proportion of the world’s 
cotton crop furnished by the United States. This means that the 
world’s demand for cotton has grown faster than the ability of this 
country to supply it, and that the production of cotton in other coun- 
tries is increasing more rapidly than here. 

Some parts of the American cotton belt have been too acutely de- 


pendent on this single crop. Many farmers who relied entirely upon 
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cotton were brought to disaster through the destruction of cotton by 
the boll weevil or by the loss of a market at the beginning of the 
European war. These crises were the more acute because cotton had 
been considered so long a safe crop and afforded new demonstrations 
of the danger of complete reliance of any community on a single 
crop. In California it is beginning to be understood that many com- 
munities are devoted too exclusively to special industries and that 
there is need of some such crop as cotton for opening the way toward 
a safer policy of more diversified farming. 

In many of the tropical and subtropical regions of Asia, Africa, 
and America, efforts are being made to establish cotton culture as 
colonial enterprises on a basis of permanent competition with the 
United States. There can hardly be a question of the desirability 
of utilizing our resources of production as far as feasible. One of 
these undeveloped resources is the production of Egyptian cotton, 
which experiments have shown to be possible in Arizona and Cali- 
fornia. The need of supplementing our importations of Egyptian 
cotton by domestic production has recently been very acute, and the 
high prices that are now being paid are attracting public attention 
to the possibilities of cotton growing in California. 


“INCREASING DEMANDS FOR LONG-STAPLE COTTON. 

No danger of direct competition with the older centers of cotton 
production in the Southeastern States is involved in the development 
of cotton culture in California, for the reason that it will be so ob- 
viously to the advantage of California to produce cotton that will 
not need to enter into competition with the South, such as the 
Egyptian cotton, which our manufacturers are importing on a scale 
of many millions of dollars every year. All previous records were 
exceeded in 1916,*with importations amounting to about 350,000 
bales, valued at more than $35,000,000. 

The rapidly increasing demand for Egyptian and other superior 
types of cotton is due to a variety of causes, the most important 
being, undoubtedly, the enormous proportions attained by the auto- 
mobile tire-fabric industry and the greater attention being given by 
manufacturers, dealers, and the public generally to the fact that 
strength and durability of fabrics depend very largely on the quality 
of the cotton fiber. Recognition of this fundamental fact in rela- 
tion to automobile tires in time may be reflected in other branches 
of the textile industry and in turn lead eventually to a general elimi- 
nation of the enormous waste of industrial effort involved in the 
production, manufacture, and use of weak, inferior fiber. 

New communities can secure a great advantage in the production 
of long-staple cotton by limiting themselves to the planting of a 
single superior variety. In the older parts of the cotton belt, where 
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each farmer is likely to plant a different kind of cotton, the varieties 
can not be kept pure. The fiber deteriorates in quality and declines 
in market value. New varieties are introduced frequently, but these 
soon deteriorate through admixture and the neglect of selection. 
No general or permanent improvement can be expected as long as 
the condition of unorganized communities and miscellaneous plant- 
ing continues. 
. NEW TYPES OF COTTON AVAILABLE. 


As a result of experiments conducted by the Department of Agri- 
culture for several years past in the Southwestern States, the 
Egyptian type of cotton has been acclimatized and superior varieties 
have been bred, which are now being raised on a commercial scale in 
the Salt River Valley of Arizona. During the same period numerous 
experiments have shown that the Egyptian cotton is not well adapted 
to replace the Upland type of cotton, either in Texas or farther east. 
Susceptibility to injury by drought and disease both appear much 
greater under conditions in the cotton belt. The need of a longer 
growing season is another serious handicap for the Egyptian type 
of cotton in the eastern United States and would exclude it from 
competition with Upland cotton in all of the regions that are infested 
by the boll weevil.’ 

Even with the same long-staple variety grown in California as in 
the eastern districts, there may be no direct or injurious competition. — 
The conditions of soil, climate, and water supply in California are so 
different as to give the iint distinctive qualities, and there is less 
danger of the annual fluctuations in yield and quality of fiber that 
have made it unsafe for manufacturers to rely upon eastern long 
staples exclusively. The production of Durango cotton in the Im- 
perial Valley, by giving it a recognized place in the market, has 
served to stimulate the planting of this variety in eastern districts. 
This relation would doubtless continue even if the production of 
Durango cotton in California were greatly increased, for there seems 
likely to be a very large demand for this type of cotton if only it 
can be produced with such regularity that manufacturers can rely 
upon adequate supplies being available. The possibility that produc- 
tion might be increased more rapidly than the demand must be 
recognized, but it does not appear to be a present danger in view of 
the special scarcity and high prices of the Egyptian cotton. 

As eastern varieties of cotton have not proved to be well adapted 
to conditions in the irrigated districts of the Southwestern States, 

1Thus, there are natural limitations to competition in either direction. The Egyp- 
tian type is sure to be preferred in the Southwestern States as long as higher prices 
make its cultivation more profitable. If other types are grown they are likely to be 


of the same general commercial character as the Egyptian, with fiber of special qualities 
that can not be produced to the same advantage in the Southeastern States. 
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there is as little occasion for farmers to undertake to bring in Upland 
seed from the cotton belt as to get Egyptian seed from Egypt. To 
make importations of Egyptian or other foreign seed is contrary to 
regulations under the Federal plant-quarantine law and the State 
quarantine law of California and is extremely dangerous on account 
of the possibility of introducing the boll weevil or other parasites. 
The ravages of the pink bollworm in Egypt, India, and other regions 
show that it is a very serious pest, like the boll weevil. It is of 
the utmost importance to keep these insects out if cotton growing is 
to develop in California. While regular importations of seed are 
prevented, the public needs to be warned of the danger from seed 
that may be brought in casually by travelers or immigrants from 
foreign countries or by settlers from Texas or other weevil-infested 
States. 
COTTON FORMERLY GROWN IN CALIFORNIA. 


In the San Joaquin Valley, cotton growing can hardly be consid- 
ered as a new industry but rather as a return to a beginning that was 
made in the early years of the agricultural history of the State, in the 
middle of the last century, and maintained through the period of the 
Civil War and beyond. The Ninth Census, that for 1870, notes the 
production of 34 bales of cotton in San Diego County, but it is 
known that larger acreages of cotton were being planted in the San 
Joaquin Valley during this period. 

In the report of the Tenth Census, that for 1880, published in 
1884, California was included with the other cotton-growing States 
on a basis of production of 295 bales, grown on 375 acres in Merced 
County, the lack of more complete statistics being explained by a 
note saying that “the enumeration schedules sent to this State did 
not include cotton.” 

In the general discussion of the conditions and prospects of cotton 
culture in California, also published in the Tenth Census report, 
plantings estimated at 1,500 to 2,000 acres are said to have been made 
in Merced County in 1873, and in that year a firm of Merced County 
growers made an export shipment of 22,886 pounds of cotton to 
Liverpool. This seems to have marked the climax of the early ef- 
forts, but areas of 350 to 500 acres continued to be planted in the 
next decade, or possibly later, though no cotton was returned from 
California in the Eleventh Census, that for 1890. 

Hilgard shows that cotton had begun to attract attention in Cali- 
fornia as far back as 1856, when a premium of $75 was offered by 
the State Agricultural Society for the best acre of cotton. In 1862 
the State Legislature offered an aggregate of $6,500 in premiums for 
cotton in lots of 100 bales, the best lot to be rewarded with $3,000, but 
the prizes remained unclaimed until 1865, when the $3,000 was paid 
to a farmer in Los Angeles County who raised 108 acres, the yield 
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not being stated. The counties from which successful plantings were 
reported in the early period are Butte, Colusa, Fresno, Kern, Lake, 
Los Angeles, Merced, Sacramento, San Diego, Santa Pama 
Shasta, Sutter, Tulare, and Yolo. Other counties supposed to afford 
conditions favorable for cotton were Napa, Sonoma, and Tehama. 
The general conclusions reached by Hilgard from his detailed investi- 
gations of the California cotton industry in 1879 were stated as 
follows: 


From the record above given it appears that cotton has been successfully 
grown at many points, practically covering the whole of the great valley, a 
part of the foothill lands of Shasta and a part of Napa County, and to the 
southward all the agricultural portion of the southern region. By inference 
drawn from similarity of climate and products, without direct test, we may 
include within the possible cotton-growing portions of the State the valleys of 
Napa and Sonoma, the agricultural portion of Lake County, the foothill region 
of Tehama, and the entire lower foothills of the Sierra. On the other hand, 
all the bay region, as well as the seaward valleys of the entire Coast Range, 
are excluded from the cotton-growing area by reason of the cool summers, trade 
winds, and fogs to which they are subject. 

.In addition it may be broadly stated that in the Sacramento Valley cotton 
may on deep soils be grown without irrigation, while in the San Joaquin 
Valley it, like all other crops, must be irrigated to insure profitable returns. 
The best experience seems, moreover, to indicate that, as in the case of the 
vine, the minimum irrigation that will enable the plant to develop is that which 
on the whole gives the best results, inasmuch as late irrigation especially tends 
to retard the opening of the bolls and in the low portions of the fields to 
start new growth, leaving the older bolls stationary. 

The Sea Island variety is a failure thus far wherever tried. That cotton 
culture has not assumed larger proportions in California as yet is adequately 
explained by the fact that the home market is, in the absence of cotton factories, 
extremely limited, and the long distance from the world’s markets renders 
competition with the Atlantic Cotton States on the one hand and with India on 
the other a doubtful matter, which could be turned in favor of California only 
by exceptional circumstances, such as peculiar excellence of the staple. At the 
same time, cotton production has been found profitable so far as the home 
demand has gone, and good prices have been obtained; and when exported the 
California staple has rated high in SOMES with the average product of the 
Gulf States. 

What, then, are the inducements toward an expansion of cotton culture in 
California and the possible establishment of cotton factories on the coast to 
create a home demand? 

With the equalization of the prices of labor, in consequence of increased 
facilities of communication, there certainly is no reason why the home demand 
for cotton goods on the Pacific coast should not be supplied from home growth 
and manufacture, and there is reason why it might secure a large share of 
the Asiatic market, with which it is in the most direct connection.’ 


Hilgard referred to plantings of Sea Island cotton in several locali- 
ties, but in no case was success reported from this type of cotton. In 


1 Hilgard, E. W. Report on the physical and agricultural features of the State of 
California, with a discussion of the present and future ef cotton production in the 
State... p. 76-77. In U.S. Dept. Int., Census Off., 10th Census, y. 6, pt. 2. 1884, 
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a published newspaper article an ill-advised planting of over 500 
acres of Sea Island cotton in Colusa County was mentioned. The cot- 
ton had only begun to bloom in October when the crop should have 
been ripe; yet a few Upland plants that grew in the same field had 
fruited abundantly. The best results were claimed for Upland short 
staples from Tennessee and Georgia, but an Upland long-staple va- 
riety called “ Petit Gulf,” from Louisiana, is said to have done well 
in several places. 

Cotton was urged by Hilgard as a better crop than wheat for many 
of the lands of the central valleys, on the ground of being less likely 
to lead to exhaustion of the soil, as less likely to lead to harmful con- 
centration of alkali in the surface layers of the soil on account of 
being a tillage crop, and as needing less water for irrigation purposes 
than other crops that had been proposed as substitutes for wheat. 
The point was made that cotton could be exported while alfalfa could 
not, and that the California grower would have a great advantage 
over his southern competitor in not having to “fight the grass.” 

It is evident throughout Hilgard’s report that he looked upon cot- 
ton as one of the California industries that were sure to develop, and 
this idea finds very definite expression in the statement that closes his 
general discussion: 

Keeping all these points in view, the writer can not but think that the wider 
introduction of cotton culture into California is but a question of time, and that 


in many respects it will serve to improve the agricultural prosperity of the 
State. 


EXTENT OF POSSIBLE COTTON TERRITORY IN CALIFORNIA. 


Of new territory readily available for cotton in the United States, 
California probably has the largest areas. Recent demonstrations of 
cotton possibilities have been afforded by the beginnings that have 
been made in the Imperial Valley and the Colorado Valley in extreme 
southern California, but the San Joaquin and other more northern 
valleys contain much larger areas of irrigated or readily irrigable 
land that might be used for cotton. Hilgard estimated that one-third 
of the agricultural land of the State lay in the central valleys, with 
an area of more than 17,000 square miles. While only a part of this 
territory is suited to cotton, it seems not unreasonable to suppose that 
the central valleys might produce about 10 times as much cotton as 
the Imperial Valley. 

It is to be expected that much of the cotton will be grown on the 
level lands in the open valley where fruits and other tender crops are 
excluded by low winter temperatures, but places may also be found 
for cotton as an additional crop in communities that are now devoted 
to fruit growing or other industries. Indeed, the best results are 
likely to be secured, at least at first, in communities that are already 
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established and well organized on the basis of other crops. Farmers 
who are familiar with the local conditions and have only to learn 
the requirements of the new crop are likely to make better progress 
than those who have everything to learn, as in communities formed 
of new settlers, some of them with no agricultural experience and 
others persisting in the use of methods to which they have been ac- 
customed in other regions, but which are not adapted to the special 
conditions and requirements of the irrigated districts. 


NATURAL CONDITIONS FAVORABLE. 


That natural conditions of soil and climate very favorable for 
cotton culture are to be found in the interior valleys of California 
- has been shown again in recent years by the behavior of series of 
different kinds of cotton that have been grown and studied at several 
points representing the general range of climatic conditions—Red 
Bluff, Chico, Marysville, Davis, Stockton, Dos Palos, Visalia, Exeter, 
Semitropic, and Bakersfield. 

The general result of these experimental plantings has been to 
leave no doubt that cotton is able to make normal growth and mature 
good crops in the warmer districts of the interior valleys; that is, in 
the northern part of the Sacramento Valley and the southern part of 
the San Joaquin Valley. The most successful plantings have been 
those at Bakersfield and Semitropic in Kern County, and at Dos 
Palos in Merced County, where the plants were extremely well 
grown and productive, with bolls of very large size and lint of ex- 
cellent quality, results that are obtained only under conditions 
thoroughly favorable for the development of the plants. 

Much more extensive experiments would be necessary to determine 
how far cotton culture might be carried toward the cooler climate of 
the Bay districts in the central part of the State by using early short- 
season varieties or selecting for adaptation to the local conditions, 
but no special difficulties seem likely to be encountered in the warmer 
parts of the valleys. The cotton plant is able to thrive on a great 
variety of soils, a moderate but regular supply of moisture being the 
chief requirement. While the plants are able to survive drought, the 
crop is likely to be injured by any extreme condition that checks or 
forces the growth of the plants. 

It has to be expected that any undertakings with a new crop, 
wherever the beginnings may be made, must pass through an experi- 
mental period, in order to test fully the possibilities of the soil and 
local climatic conditions and determine the methods that can be ap- 
plied to the greatest advantage. The most that can be said at present 
is that practical experiments with cotton are likely to be justified in 
any of the warmer districts where soils of reasonable fertility and 
adequate supplies of water are available. 
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It is very desirable that experimental efforts in cotton growing be 
limited to communities in which the general agricultural conditions, 
as well as the present interests and activities of the community, are 
such as to give ground for a reasonable expectation that an annual 
irrigated crop like cotton, if found to thrive, would be likely to be- 
come a permanent resource. For a few scattered individual farmers 
to plant cotton in communities that are not likely to engage regularly 
in its production is not advisable. It is expensive to ship cotton 
seed and not worth while to install gins and oil mills male the pro- 
duction of cotton reaches convener proportions. 


RETURNS THAT MAY BE EXPECTED FROM COTTON. 


The first step toward the commercial planting of cotton, or con- 
sidering it as a practical alternative of any other crop, is to determine 
whether cotton is likely to be more profitable or at least sufficiently 
remunerative to be added to the existing series of crops. Undoubt- 
edly the chief obstacle to the production of cotton on a large scale in 
the San Joaquin Valley and other districts of California lies in the 
fact that attention has been directed to other industries that have 
been considered more profitable than cotton growing. While cotton | 
can probably be grown on many lands that are now used only for 
grain or pasture, it seems reasonable to expect that at least the first 
beginnings with cotton in new localities will be made by farmers who 
are already settled on the land and engaged in the production of 
fruit or other intensive crops. 

Even at the highest prices for cotton it should not be expected to 
compete with the bonanza figures that are sometimes realized from 
fruit crops. Though acre returns of $150 or even $200 are not alto- 
gether impossible, they can be obtained only in exceptional conjunc- 
tions of very large yields and very high prices, like those that ruled 
in the season Bi 1916, when 40 cents and upward per pound was ob- 
tained. — 

The most that can be considered as a reasonable expectation from 
cotton at moderate, normal prices is a gross return of $75 to $100 
per acre. This is on the basis of Durango or some other Upland 
long-staple variety selling between 15 and 20 cents a pound and yield- 
ing at the rate of a bale per acre, which requires favorable conditions 
and good farming. The cost of production per pound increases with 
every reduction in yield, because the cultural operations and the ir- 
rigation water have to be applied to poor-yielding cotton as well as 
to good. 

With a yield of a bale of 500 pounds of lint cotton the cost of pick- 
ing an acre of the Durango variety is between $15 and $20, an 
amount about equal to the total cost of the previous care of the crop, 
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so that half of the return, or $35 to $50 an acre, may be reckoned as 
a net gain from the farm operations. With Egyptian cotton, the 
cost of picking must be reckoned as about double that of Durango, 
and the ginning of Egyptian cotton is also more expensive, roller 
gins being required instead of saw gins, which are used for Upland 
staples. To make good these differences, a premium of 4 or 5 cents 
a pound for the lint is necessary to render the Egyptian more profit- 
able, but the new and rapidly increasing demand for Egyptian cot- 
ton for automobile tires and other industrial uses, and the stationary 
or declining production in Egypt favor a substantial premium for 
Egyptian. It may be that yields will average higher with Durango, 
in view of the fact that Egyptian cotton requires a longer season to 
mature a full crop, though with favorable conditions Egyptian may 
yield as much as Durango. Profits of $150 to $250 per acre are 
claimed for growers of Egyptian cotton in the Salt River Valley in 
1916, but these must be considered as altogether exceptional and cer- 
tainly not to be used as a basis of calculation. 

It is possible that difficulties may be encountered in providing 
roller gins in case a greatly increased acreage of Egyptian cotton 
should be planted in Arizona and southern California in the season 
of 1917. Roller gins are not made in the United States, but have to 
_ be imported from England. The demand for them has been limited 
in the past to the Sea Island districts of the South Atlantic States. 


\ 


LABOR REQUIREMENTS OF COTTON. 


That the labor requirements of the cotton crop have not been well 
understood in California may be one of the chief reasons why more 
efforts have not been made to extend this industry before. The popu- 
lar idea that large supplies of very cheap labor must be available, as 
in Egypt, India, China, and formerly in the American cotton belt, 
has been shown to be erroneous. The last and most striking demon- 
stration of this fact is the establishment of Egyptian cotton produc- 
tion in the Salt River Valley of Arizona. Although labor appeared 
to cost about 10 times as much in Arizona as in Egypt—$2 a day, as 
compared with 20 cents—it has been possible by the use of farm 
machinery, improved cultural methods, and especially the breeding 
of better and more uniform varieties of cotton to make good the 
differences in cost of hand labor. 

Egyptian cotton has been grown to advantage in Arizona for 
several years past, during a period of unusually low prices. The 
chief difficulty in the newly settled southwestern communities is not 
that the cost of labor is prohibitive, but that not enough labor is 
available when needed. This seems to have been the difficulty that 
was encountered in the early attempts at cotton culture in the San 
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Joaquin Valley, as it has been in recent years in the Imperial Valley 
and the Salt River Valley of Arizona. The supply of farm labor 
now available in the San Joaquin Valley certainly is very much 
greater than it was half a century ago, when irrigation agriculture 
was new. How much of the available labor can be applied with 
advantage to the care and harvesting of a cottan crop is a question 
that must be decided independently in each community. 

Experience gained in Arizona and elsewhere in the United States 
in recent years does not indicate that the cotton industry requires or 
is limited to the use of cheap and irresponsible labor. Dependence 
on such labor tends rather to injure and restrict the development of 
cotton culture by keeping it on a low plane, limited to inferior 
varieties and mixed seed, so that poor and uneven lint is produced, 
the value of which is still further depreciated by careless harvesting 
and handling. 

When the several unnecessary wastes and losses are taken into 
account and the possibilities of avoiding these are recognized, one is 
brought inevitably to see that the very best quality of agricultural » 
skill and of careful, intelligent labor can be utilized in the production 
of cotton and that the industry is much more hkely to prosper if it 
can leave behind the traditiongof cheap labor. Hence, it is not neces- 
sary to suppose that the establishment of cotton culture in California 
would increase the present dependence on transient labor. It seems 
quite as likely to add to the permanent population by making it easier 
for new settlers to establish themselves. ; 

Farm work with cotton is not of a nature to be considered as 
heavier or more laborious than with crops that are already grown in 
California. Methods of plowing, preparation, and seeding are not 
unlike those for corn or other tillage crops. Thinning and cultivat- 
ing make less demands than for sugar beets. The gathering of the . 
crop, though representing by far the largest item of labor cost in 
the production, is neither a heavy nor an unpleasant kind of work 
in comparison with the harvesting of many other crops. In com- 
munities of new settlers or where women and children share in the 
outdoor work of the farm, the planting by each family of small acre- 
ages that could be handled without extra labor would be worthy of 
consideration. ‘The lint as it hangs exposed in the open bolls is 
perfectly clean and must be kept in that condition if it is to have the 
highest market value. } 

Careless picking diminishes the value of the fiber to the manufac- 
turer because additional labor and machinery are required to clean 
the carelessly picked cotton and because some of the fiber is turned 
into waste as a result of the cleaning operations. An estimate of 
what it costs the manufacturers every year to overcome by machinery 
and mill labor the results of carelessness and ignorance in the produc- 


EXTENSION OF COTTON PRODUCTION IN CALIFORNIA. 11 


tion and handling of cotton would run far into the millions, and even 
into the hundreds of millions. Thus, there is reason to believe that 
refinements in methods of production and handling, like those that 
have been worked out in California for fruits and other special prod- 
ucts, could be appled with very great advantage to cotton. AI- 
though cotton is not a perishable product, its value depends very 
largely upon the condition in which it is placed upon the market. 
Taking into account the experience that agricultural communities 
in California have had in working out and applying special methods 
of production, handling, and marketing their crops, it would seem 
that the possibilities of producing cotton of the highest quality and 
placing it in the market in the best condition are more likely to 
be attained in that State. 

Another advantage of cotton as an element of diversified farm- 

ing is that it is less exigent than most other crops in demanding 
labor at particular times. Cotton can be planted early and thinned 
early or planted late and thinned late if allowance be made by leav- 
ing the plants of the later thinnings closer together. Early plant- 
ings may be made in March or as soon as the danger of cold weather 
is past, but the planting may continue through April and May. 
Even June plantings are sometimes successful. 
_ Unlike fruits and other perishable products that have to be gath- 
ered and shipped or cured at once or within a very few days after 
the proper stage of maturity is reached, cotton can be picked through 
a long season. The bolls open at maturity, but the cotton remains in 
place and in dry weather suffers no injury by being left on the plants 
for a week, or even a month. The picking season may extend over a 
period of two, three, or four months. 

In the interior valleys of California cotton begins to open in Sep- 
tember. Picking probably would commence soon after the grape 
harvest and extend through November or even till Christmas. It is 
better, of course, not to wait too long after the bolls have opened, 
for some of the cotton is likely to fall out or become soiled or stained 
from rain or dust. But even these contingencies, while they reduce 
the value of the cotton, do not result in total loss, as they would with 
many other crops. 


COTTON CULTURE A COMMUNITY UNDERTAKING. 


With: general reference to the warmer parts of the San Joaquin 
and Sacramento Valleys it may be said that the chief question is not 
whether cotton could be grown or whether its culture could be made 
as profitable as others that are being followed, but whether there are 
communities of farmers who will organize for such an undertaking. 
Some form of organization is a practical necessity for beginning 
cotton culture in a new region. Unlike many other crops that can 
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be grown to some advantage even on a very small scale and either 
used in the household or sold for local consumption, an icolated in- 
dividual farmer can hope for no advantage from the planting of a 
small acreage in cotton. 

The peearanee of cotton pulfama dt in the South Atlantic States can 
be traced back to the time when spinning and weaving were house- 
hold industries and cotton was made into cloth and used on the 
same plantation where it was raised; but with the modern organiza- 
tion of the industry cotton has become a strictly commercial crop, 
grown only to be sent to market. ‘The effect is to limit the produc- 
tion of cotton to districts where facilities for marketing exist or to 
communities that can begin cotton culture on such a scale as to enable 
these facilities to be provided. 

In order to send cotton to market it has to be ginned, to separate 
the seed from the fiber, and packed into bales. For both of these 
operations special machinery is required; not very expensive ma- 
chinery, it is true, but too expensive for the individual farmer to 
install for any ordinary farm acreage of cotton. Unless a commu- 
nity appears likely to plant 1,000 acres or more of cotton the in- 
stallation of ginning machinery can hardly be considered advisable, 
either by the community itself or by an independent ginning com- 
pany. It is not absolutely necessary that large acreages be planted 
the first year, since the cotton from small experimental plantings in 
a new community can usually be shipped to some established center 
where gins are in operation or can be held over in case it is decided 
to plant on a commercial scale during the next year. 

Still larger acreages must be in prospect if a community is to be 
provided with its own oil mill, which is necessary for disposing of 
the seed to the best advantage. Oil-mill equipments are more expen- 
sive than gins, but they are not beyond the reach of large and well- 
organized communities, like those that own and operate fruit-packing 
houses and many similar undertakings in California. 


COMMUNITY CONTROL OF GINS AND OIL MILLS. 


Control of the gin and oil-mill equipment by the community is 
very desirable, not only for the financial reason of enabling the 
growers to secure a larger share of the profits of the industry but 
also for more directly agricultural reasons. It is out of the question 
to maintain pure stocks of seed without special precautions that are 
very seldom observed at privately operated commercial gins. The 
mixing of different varieties or stocks of seed at the gin is the most 
frequent cause of deterioration of the varieties, the result being to 
destroy the uniformity of the fiber and lessen the commercial value 
of the cotton produced by the community. ae 
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The careless ginning of the cotton may seriously impair the value 
of the fiber, injure the reputation of the product of the community, 
and keep the farmer from getting a full price for his crop. Long 
staples are more likely to suffer in this respect than short staples, 
for there is greater need of careful ginning. Ginning is often con- 
sidered by oil-mill companies a merely incidental line of business. 

Another way in which ill-advised management of oil mills has been 
known to interfere with the agricultural development of commu- 
nities is by bringing in and recommending: to the farmers seed of 
inferior varieties in complete disregard of the chief interest of the 
community on the side of producing superior fiber. In some cases 
attempts have.even been made by .the use of financial pressure to | 
force upon farmers the planting of varieties that were distinctly 
inferior in quality of fiber, but were supposed to promise profits for 
the oil business. 


AGRICULTURAL ADVANTAGES OF COMMUNITY ORGANIZATION. 


In addition to the need of special care to avoid mixing seed of dif- 
ferent kinds of cotton, there is equal need to prevent crossing in the 
field, which is likely to occur whenever two kinds of cotton are planted 
close together or even in neighboring fields. The pollen of the cotton 
plant is not blown about by the wind, because the surface of the 
grains is sticky and adherent, but bees and other insects carry the 
pollen, sometimes for half a mile or more. The closer the fields the 
greater, of course, is the liability of crossing, so that in thickly set- 
tled communities it becomes practically impossible for the individual 
farmer to maintain a pure stock of a superior variety of cotton. 

The simplest and most effective way to avoid these dangers of 
admixture and deterioration of varieties is for communities to 
organize for the production of a single variety. The variety should 
be determined, whenever possible, by preliminary experimental com- 
parisons of the behavior of the more promising sorts grown under the 
local conditions. The most effective test is to plant several small 
blocks, consisting of four or five rows of each variety, alternately in 
the same field, and to record the pickings of each row separately. 
Such tests are being conducted by the Department of Agriculture in 
cooperation with communities located in different parts of the 
cotton belt. 

With only one variety grown in the community it becomes possible 
to preserve its purity and uniformity by selection. It is useless to 
expect that the fiber will continue to be uniform if the stock is 
allowed to deteriorate through seed admixture or cross-pollination. 
This not only lessens the commercial value of the fiber but diminishes 
the yields, the aberrant plants being less fertile than the normal in- 
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dividuals. Failure to maintain the purity of stocks is the basis of 
the popular belief that varieties of cotton soon run out. No variety ~ 
should be expected to remain uniform unless selection is continued 
and admixture with other varieties prevented. 

In addition to this primary consideration of maintaining the 
purity and uniformity of varieties, organized communities can deal 
to better advantage with most of the problems of production and 
marketing of the crop. Cultural methods are likely- to be much 
better understood and more skillfully applied in a community where 
only one kind of cotton is grown and differences between varieties 
are not being confused with effects of cultural methods, soils, or sea- 
sonal conditions. - 

Marketing problems are also greatly simplified in communities 
that can offer commercial quantities of one superior variety of cot- 
ton. The classing of the cotton is a function of the community 
organization, whether done by local talent or by an expert employed 
by the community. Classing is necessary not only for selling the 
cotton at its true value, but for using the bales as security for loans, 
in case the farmer lacks ready money to meet the cost of picking or 
wishes to hold his cotton for better prices. Communities that have 
a regular system of classing and warehousing their cotton are able 
to arrange for loans on better terms than the individual farmer. 

Community action is also very important in relation to insect pests 
or plant diseases. Measures of protection that can be expected to do 
very little good if applied only by scattering individual farmers may 
be rendered very effective if used by the entire community. This is 
notably true of the precautions that are advised against the boll 
weevil, but is likely to be equally so with any other parasite or dis- 
ease that may appear in any district. If only a few of the parasitic 
insects or diseased plants are destroyed, the farmer who takes the 
precautions may fare no better than his more careless neighbors, but 
if it were possible to get action by the entire community the effect of 
any remedial measure would be definitely shown. 


CONCLUSIONS. 


Cotton was grown in California half a century ago, but the early 
attempts were made on a basis of direct competition with the South, 
which could not be maintained when normal conditions had been 
' reestablished after the Civil War. The present possibilities of de- 
velopment of cotton culture in California le in the direction of pro- 
ducing Egyptian or other special types of long-staple cotton. The 
demand for cotton of the Egyptian type is increasing rapidly and 
not likely to be met by increased production in Egypt, where the 
crop is endangered by the invasion of a new insect pest. 
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Experimental plantings in the region of Bakersfield indicate that 
the Egyptian type of cotton can be grown in the southern part of the 
San Joaquin Valley. No assurance can be given that Egyptian cot- 
ton will mature a crop outside of the Bakersfield-Fresno region. If 
plantings are to be made in the northern part of the San Joaquin 
Valley or in the Sacramento Valley, the Durango cotton or other 
long-staple Upland varieties are more likely to succeed, since they 
do not require as long a season as the Egyptian. 

While cotton inpeee larger demands for hand labor ‘ion many 
other crops its requirements for attention at particular times usually 
are not so acute, which renders it well adapted for fitting in with 
other crops to’ form practical systems of diversified agriculture. 
Labor is needed chiefly at the picking season, which comes in the fall 
after the grapes and most ef the other fruit crops have been 
harvested. 

Although favorable natural conditions may be found in many 
places, it is not advisable to attempt to grow cotton on a commercial 
scale except in communities that can be organized for this purpose, so. 
as to have an assured prospect of production on such a scale as to 
warrant the establishment, preferably under community auspices, of 
the ginning establishments and oil mills that are a part of the neces- 
sary equipment of a cotton-producing community. 

Farmers in California are advised against undertaking the plant- 
ing of cotton on a merely individual basis, not only because of the 
difficulties of handling and marketing a new crop to advantage, but 
also in order to avoid as far as possible the danger of attempts being 
made to bring in cotton seed either from the cotton belt or from 
Egypt. Such importations of cotton seed are now forbidden by Fed- 
eral and State regulations, the object being to prevent the introduc- 
tion of the boll weevil from the cotton belt and the pink bollworm 
from Egypt. 

Another reason for advising that efforts to establish cotton culture 
be centralized in communities is that much more effective cooperation 
can be extended by the different branches of the Department of Agri- 
culture that have been working in recent years in cooperation with 
new communities. The nature of the cotton industry is such that 
many things can be done by communities which are impracticable for 
the farmer who attempts to grow and market his crop individually. 

Efforts to establish the cotton industry in new districts have, of 
necessity, to pass through an experimental period in order to deter- 
mine the best variety to be grown, the special cultural methods re- 
quired by the local conditions, the form of organization adapted to 
the community, and the most desirable system of handling and mar- 
keting, as well as to solve other problems that are encountered in 
developing new communities. 
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The following publications relating to the Egyptian and Durango 
cotton and to methods of cotton culture that are used in irrigated 
districts of Arizona and southern California have been issued by 
the Department of Agriculture: 


Brand, C. J. Improved methods of handling and marketing cotton. Jn U. S. 
Dept. Agr. Yearbook 1912, p. 448-462, pl. 53-56. 1913. 

Cook, O. F. Cotton improvement on a community basis. U. S. Dept. Agr. 
Yearbook 1911, p. 397-410. 1912. 

Cotton farming in the Southwest. In U. S. Dept. Agr., Bur. Plant 

Indus. Cire. 182, p. 9-18. 1913. 

affecting the production of long-staple cotton. In U. 8S. Dept. 

Agr Aes Plant Indus. Cire. 123, p. 3-9. 1913. 

A new system of cotton culture. In U. S. Dept. Agr., Bur. Plant 

Indus. Cire. 115, p. 15-22. 1913. 

Single-stalk cotton culture. U. 8. Dept. Agr., Bur. Plant Indus. [Misc. 
Pub.] 1130, 11 p., 12 fig. 1914. 

Hudson, E. W. Preparation of land for Hgyptian cotton in the Salt River 
Valley, Arizona. In U. S. Dept. Agr., Bur. Plant Indus. Cire, 110, p. 17-20. 
1913. 


Growing Egyptian cotton in the Salt River Valley, elaine U. S. 
Dept. Agr., Farmers’ Bul. 577, 8 p. 1914. 

Kearney, T. H. Breeding new types of Egyptian cotton. U. S. Dept. Agr., 
Bur. Plant Indus. Bul. 200, 39 p., 4 pl. 1910. 

Seed selection of Egyptian cotton. U.S. Dept. Agr. Bul. 38, 8 p. 1913. 


McLachlan, Argyle. The branching habits of Egyptian cotton. U. S. Dept. 


Agr., Bur. Plant Indus. Bul. 249, 28 p., 1 fig., 3 pl. 1912, 

Community production of Durango cotton in the Imperial Valley. U.S. 
Dept. Agr. Bul. 324,16 p. 1915. 

Martin, J. G. The handling and marketing of the Arizona-Egyptian cotton of 
the Salt River Valley. U.S. Dept. Agr. Bul. 311, 16 p., 3 pl. 1915. 

Scofield, C. S., Kearney, T. H., Brand, C. J., Cook, O. F., and Swingle, W. T. 
Community production of Egyptian cotton in the United States. U. S. Dept. 
Agr. Bul. 332, p. 28-30. 1916. This bulletin contains an approximately com- 
plete list of earlier publications relating to experiments with Egyptian cotton 
in the Southwestern States. 

Taylor, Fred, and Dean, W. 8. Comparative spinning tests of the different 
grades of Arizona-Egyptian with Sea Island and Sakellaridis Egyptian cot- 
tons. U.S. Dept. Agr. Bul. 359, 21 p. 1916. 
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APPLE BLOTCH AND ITS CONTROL. 


By JoHn W. ROBERTS, 
Pathologist, Fruit-Disease Investigations. 
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INTRODUCTION. 


In the more southern apple-growing sections of the United States 
the disease known as apple blotch is one of the most destructive 
with which orchardists have to contend. It first came generally to 
the notice of plant pathologists about 15 years ago and soon after- 
wards was regarded as important throughout southern apple-growing 
sections. As early as 1895 the disease was recognized by Mr. M. B. 
Waite, pathologist of the Bureau of Plant Industry. He photo- 
graphed the diseased fruits and determined the organism present 
to be a species of Phyllosticta. His photographs, which are on file 
in the Office of Fruit-Disease Investigations, show that he was work- 
ing with typical specimens of the disease. The fact that blotch was 
previously confused with apple scab by growers, because both of 
these diseases occur comparatively early in the season, accounts for 
the rather late recognition of its importance. 

Blotch is not so universally distributed, even throughout the South, 
as scab. While in some sections it will be found in practically every 

Nore.—This bulletin is of interest to plant .pathologists and to the apple growers of 


Llercastenn half of the United States, especially those of the more southerly apple-growing 
sections. 
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orchard, in other sections it is only locally severe. The former is the 
case in the Ozarks of Missouri and Arkansas and in the commercial 
apple-growing sections of Kansas, while the latter is true in Virginia 
and Maryland. 

On account of the above-mentioned facts it is very difficult to com- 
pute the amount of damage caused by the disease, but it is probable 
that $2,000,000 would be a conservative estimate of the annual loss 
due to it. . 

In orchards in which blotch has not been placed under control by 
spraying, the entire crop of susceptible varieties may succumb to the 
disease and the trees themselves may be severely injured, in extreme 
cases even killed. Losses of 50 to 75 per cent of the entire crop are 
common in some sections. 

The disease is, found in practically all the eastern and middle- 
western apple-growing regions from Pennsylvania, Ohio, Indiana, 
Illinois, northern Missouri, and Nebraska southward. It is most 
serious and widely prevalent in Kansas, southern Missouri, northern 
Arkansas, Tennessee, and Kentucky. It is also a serious disease in 
fruit-growing sections bordering on or near the Ohio River. In Vir- 
ginia and Maryland it is only locally severe, but it has become much 
more prevalent during the last two years. Blotch has been gradually 
extending farther north, but should not become serious in properly 
sprayed orchards. In those sections which have been free from the 


disease and in which a fungicide such as lime-sulphur solution or 


Bordeaux mixture is annually applied to apple trees about three 
weeks after the petals have fallen, blotch should not be able to gain 
a foothold. 

DESCRIPTION OF APPLE BLOTCH. 


Blotch occurs on the fruit, foliage, and twigs of the apple. 

On the fruit it first appears as small dark, somewhat raised spots, 
which later enlarge slowly. Usually these spots have in midseason 
a dark fringed or stellate appearance, though on some varieties, such 
as Maiden Blush, the center of the spots may be somewhat more 
raised or blisterlike in appearance and of rather light color, due to 
the raised cuticle (PI. I, figs. 2 and 3). 

A later phase of this disease on the fruit is the coalescence of sev- 
eral spots, a general homogeneous darkening, with complete elimina- 
tion of the stellate configuration typical of earlier stages. On some 
varieties, notably Ben Davis, a cracking open of the fruit often in 
three micemicas from a central point, is very common in orchards in 
which the disease is at all serious (PI. I, fig. 1). 

A characteristic spot is raised, alistening black, with ei 
so deeply cut in and so irregular as to give the spot its commonly 
noted stellate appearance (PI. I, fig. 4). The tissues beneath the epi- 
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dermis are not invaded directly and are affected only indirectly as 
the diseased epidermis may permit the entrance of rot organisms or 
as extensive cracking may affect the flesh. Not only may the fruit 
be cracked open and otherwise made unsightly by the disease, but in 
severe cases it may be so dwarfed and distorted as to be wholly worth- 
less. Kven on very young spots the tiny glistening pycnidia of the 
causal fungus are always in evidence. 

On the leaves (PI. II, figs. 1 and 2) the disease appears as small 
nearly white spots scarcely more than a millimeter in diameter. Usu- 
ally a single pycnidium of the fungus is to be found near the center of 
the spot. Under ordinary conditions blotch is not to be considered a 
serious foliage disease, but in cases where an orchard is severely in- 
fected the spots on the leaves are numerous enough to affect seriously 
the synthesis of carbohydrates and even cause defoliation. 

On the young twigs and water sprouts the disease is first noticed 
as a dark raised area, soon dotted with numerous pycnidia. Later 
the infected part becomes somewhat sunken. As the twig becomes 
more mature the infected portion becomes lighter colored, and during 
the next season the diseased area will appear as an older tan-colored 
portion surrounded by a newer dark-colored area (Pl. II, figs. 3 
and 4). In the older portion the fungus is dead, but in the newer 
portion it will be found alive, extending the previous year’s destruc- 
tion. In ordinary cases not many twigs are killed and few are badly 
injured (PI. IT, fig. 6) ; but in sections in which the disease is severe, 
and especially on certain varieties, such as the Northwestern (North- 
western Greening), the infection may be so severe as actually to kill 
the tree. 

The fruit spurs may be attacked and in extreme cases even killed. 
In uncared-for orchards or in orchards in which the disease has been 
very prevalent and without proper control by means of spraying, 
many of the fruit spurs may be injured seriously. 


CAUSE OF THE DISEASE. 


The cause of the disease is the fungus Phyllosticta solitaria, first 
described by Ellis and Everhart (2)* in 1895. The type specimen 
was found on the leaves of the wild crab apple (Pyrus coronaria L.). 
The specific name is suggestive of the tendency of the fungus to form 
a single pycnidium in each spot on the leaf. 


REVIEW OF THE LITERATURE. 


In 1902 Clinton (1) published a description of the disease as it 
occurs on the fruit of the apple and considered it due to an unknown 
species of Phyllosticta. He also noted that pycnidia on the fruit 
produced fewer spores as the season advanced. 


1 The serial numbers in parentheses refer to ‘‘ Literature cited,’ p. 11. 
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In 1907 Scott and Quaintance (5) described the disease and gave 
tentative recommendations for its control. 

The first extensive report on the life history of the fungus and the 
first definite recommendations for its control were published by Scott 
and Rorer (6) in 1907. Later (1909), by comparison with type speci- 
mens they identified the fungus definitely as Phyllosticta solitaria E. 
and E. and determined by cross inoculations that the fungus found on 
leaves, fruit, and twigs is identical. They further determined that 
the fungus passes from one season to another in small cankers on the 
twigs. 

Sheldon (7) in 1907 reported the presence of the fungus on twigs. 
He was the first to identify the fungus as Phyllosticta solitaria FE. 
and E. and gave a good description of the disease on leaves, fruit, 
and twigs. 

Lewis (3) gave a detailed description of the disease on the fruits 
of different varieties and noted particularly the destruction of fruit 


spurs. 
THE FUNGUS. 


The life history of the causal organism has been traced by Scott 
and Rorer and by Sheldon. They found that the fungus passes the 
winter alive in the small twig cankers, where it grows and develops 
spores the following spring. From this source the young fruit, 
leaves, and twigs become infected early in the season. Later, spores 
from the spots of apples thus affected may spread the disease farther 
during the current season. 

Scott and Rorer found almost no spores in mummied fruits of the 
preceding year and concluded that mummies were not a source of the 
spring infections. At different times during the spring of 1915 the 
writer undertook to examine for spores something more than a bushel 
of mummied fruits that had been badly affected with blotch during 
the preceding year. The varieties selected were Ben Davis and Mis- 
sourl (Missouri Pippin), both of which are very susceptible to the 
disease. On the average, six blotched areas on each apple, especially 
selected for the large number of pycnidia contained in them, were 
examined. The period during which the mummied fruits were col- 
lected and examined extended from April 1 to June 1, 1915. The 
fruits were from trees particularly noted during the preceding year 
as heavily infected with the disease. It was thought that by examin- 
ing such specimens at intervals during this period it could be ascer- 
tained (1) whether spores remained in the pycindia through the 
winter, (2) whether an ascogenous form was produced during the 
winter or spring, and (3) whether new pycnidia with spores were 
produced after the growing season started in the spring. All the 
material was sectioned on the freezing microtome and examined care- 
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APPLE BLOTCH. 


1, Ben Davis apple, showing cracking due to blotch, Bentonville, Ark., August 10, 1914; 2 and 3, 
Maiden Blush apples affected with blotch, Anderson, Mo., July 8, 1915; 4, Yellow Newtown 
apple affected with blotch, Greenwood, Va., August 6, 1916. 
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APPLE LEAVES AND Twi@s SHOWING BLOTCH. 4 


i and 2, Leaves of the Arkansas Black variety, with spots caused by the blotch fungus, Centerton, 
Ark., July 31, 1915; 3, 1-year-old blotch canker on Ben Davis apple twig, Bentonville, Ark., 
1914; 4, 2-year-old blotch canker on Ben Davis appis eres Bentonville, Ark., 1914; 5, leaf of 
the Missouri variety, showing lesions on petiole and midrib produced by artificial inoculation 
with apo of Phyllosticta solitaria from pure cultures; 6, an older blotch canker on a Ben Davis 
twig, Bentonville, Ark., September 9, 1916. 
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fully under the microscope. In the old pycnidia no spores were 
found. No ascogenous stage and no newly formed pycnidia were 
discovered. The fungus appears to be in no way saprophytic, since 
not only does it fail to live over on decayed fruits, but it dies out in 
the older parts of the twig cankers, living only along the margins 
and dying out entirely in the third or fourth year as the twig be- 
comes more woody. 

In order to confirm the cross-inoculation experiments of Scott 
and Rorer, in which the disease was produced on the fruit by spores 
from twig lesions and on the twigs by spores from diseased fruits, 
the writer undertook a series of experiments differing from those of 
Scott and Rorer in that the latter used spores taken directly from 
twig lesions and diseased fruits, whereas those of the writer were 
made with spores from pure cultures from those sources. The fungus 
isolated from twigs and fruits from Kansas was grown on sterile 
apple twigs in pure culture, and when the spores were mature a 
suspension of them in sterile water was sprayed on leaves, fruit, 
and twigs. Inoculations were made on twigs, water sprouts, and 
fruits of the Missouri variety on July 6. On August 7 typical blotch 
spots began to appear on the leaf blades and petioles, with an abun- 
dance of fertile pycnidia in the dark sunken lesions on the petioles 
and midribs (PI. II, fig. 5). Minute spots on the fruits also were 
beginning tod appear. On September 6 the spots on leaves and 
fruits were numerous and conspicuous. The disease was beginning 
to appear also on the twigs and water sprouts. By September 14 
lesions on the stem portion of the water sprouts and twigs were 
appearing abundantly. These were black raised areas, bearing 
numerous pycnidia filled with spores, and were only on the younger 
portions of the twigs and water sprouts. The fungus was reisolated 
from leaves, fruit, and twigs and reidentified as Phyllosticta 
solitaria. 

The writer at various times has attempted to infect the fruit in 
August and September with spores from pure cultures, but without 
success. Apparently fruit and twigs become resistant as they grow 
older, possibly through the increasing impermeability of the epider- 
mis and the changing of stomata to lenticels. The heaviest infections 
on fruit occur early in the season, decreasing as the season advances. 
This is due, not only to a decrease in the number of spores produced 
by the fungus in the cankers and fruit, but probably in a much 
greater degree to the previously mentioned increased resistance on 
the part of the fruit. The writer has never been able to inoculate 
fruits of Ben Davis and Missouri after August 1 by spraying them 
with a suspension of spores in distilled water. It may be noted also 
that at that time the natural supply of spores capable of infecting 
is still not wholly wanting in so far as those produced from cankers 
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are concerned, while many are still produced from the diseased 
fruits. 

It is a rather curious thing that leaf infections are comparatively 
rare in Arkansas, whereas in Kansas they are rather abundant. This 
may be partly, though not wholly, accounted for by the more 
numerous cankers and consequent heavier infection in Kansas 
orchards, 


Fic. 1.—Section through a pycnidium of Phyllosticta solitaria produced in 1914 
on a blotched spot of a young Ben Davis apple., 


The fruiting bodies (pycnidia) are found on the newer parts of the 
twig cankers until the cankers are about 4 years old. They are most 
plentiful on young cankers which had begun their development dur- 
ing the previous season. ‘They occur on the leaves also, particularly 
in the lesions on the midrib and 
petiole, and in the blotches on the 
fruits. The pycnidia (fig. 1) are 
rather small, black, glistening, sub- 
globose or somewhat depressed, 
varying from 75 to 250 yin diam- 
eter. When mature they are filled 
with spores, but those formed late 


Fic. 2.—Spores of Phyllosticta solitaria . th liv faule 
from twig cankers of the Ben Davis In € season usually Tal Oo ma- 


apple. Bentonville, Ark. May 25, ture. The period of maximum 


ae pycnidium production is in May 


on the twigs and in late June and early July on the fruit and leaves. 
Those on the leaves rarely produce spores. 

The spores (fig. 2) are hyaline, one celled, and when mature are 
filled with rather large, uniform-sized, often closely compacted 
granules. They are oval to subglobose and measure 8 to 10 by 5.5 to 
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6.5 u. When newly formed it is easy to demonstrate the presence of a 
gelatinous covering about the spore, especially when, as is often the 
case, it is prolonged into a stout hyaline appendage (fig. 2). The 
spores (fig. 3) germinate in 15 to 20 hours. The germ tube is some- 
what darker than the spore and 
usually shows a pronounced 
thickening at the point of emer- 
gence (fig. 3). More than one 
germ tube may issue from a single 
spore (fig. 3). 

Spores from the twig cankers 
in which the fungus has passed 
the winter are usually mature and 
ready to infect the young fruit 
and leaves about three weeks after f 
the petals have fallen. This was frie. 3.—Germinating spores of Phyllo- 
ifirst determined by Seott and sticta solitaria. Spores from Ben Davis 

5 i twig cankers. May 25, 1914. 
Rorer by noting the latest time 
at which spraying would effectively ‘prevent infection. The time of 
infection was directly determined by the writer during the seasons 
of 1914 and 1915 by germination tests of spores from twig cankers. 
Table I shows the results of such tests. 


TABLE I.—Results of germination tests of spores of apple blotch from twig 


cankers. 
Germi- Germi- Germi- 
Date. nating Date. nating Date. nating 
spores. : spores. spores. 
1914. Per cent. 1914. Per cent. 1915. Per cent. 
PATO OO span mat et-tais/oetafice O|) May 1522.2. --.....-.-- Opi Manet 2 eer ee eneer 10 
May Alieae Won ciciacc ani ek Opi May 21 ese Oo eee Maynliqe (Suh eee ae 20 
May Gues s §o. de os leu ON PMaiy 423 ee ays Cee 7) Wilby Pll eee oaoecesscoKe 20 
Mav Ste eenmeeaa cece: on Onl Maya 2o eee) ee (Go) | May Zee cake be Lae 75 
May Ge eek bite fe ye) QB Mian 2Q Sar Os hauls S283 Wor Mave 282 222s 2 see ea 75 


For each test, pycnidia were scraped from the newer portions (the 
current year’s growth) of young twig cankers. These pycnidia were 
then examined under the microscope for spores. If spores were sufli- 
ciently abundant and appeared to be mature, they were suspended in 
distilled water in Van Tieghem cells and the percentage of germinat- 
ing spores was noted daily for periods ranging from three to five 
days. As the spores when mature usually germinate within 24 hours, 
it was really unnecessary to prolong the attempted germination over 
so long a period. The cankered twigs used in this work in 1915 were 
collected from the same trees as those used in 1914. 

During both seasons the time of petal fall was April 28. As these 
two seasons were about average ones, it is evident that in the Ozarks 
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the first spraying for the prevention of blotch infections should be 
well under way when three weeks have elapsed after petal fall. This 
is particularly true during a season of belated blooming due to cold 
or otherwise unseasonable weather, as the period of growth and ma- 
turity of the fungus and its spores does not seem to be influenced so 
much by such conditions as does the blooming period of the host. 

As determined by artificial inoculations, Phyllosticta solitaria grows 
very slowly and is not perceptible on the fruit until three to six 
weeks after infection has taken place. Ordinarily the blotched areas 
are not large enough to appear conspicuous before the early part of 
July. 

“CULTURAL RELATIONS. 


Phyllosticta solitaria will grow on a wide range of culture media. 
It will also produce pycnidia on all of the ordinary solid culture 
media. These pycnidia, however, do not produce spores. The only 
medium on which the writer has been able to grow the fungus with 
the formation of both pycnidia and spores is sterile apple wood, 
which was the medium used by Scott and Rorer. Even on this me- 
dium two to three months elapsed in the case of all the strains used 
by the writer before mature spores were produced. 


WEATHER CONDITIONS. 


In orchards in which twig cankers are abundant, dry weather does 
not appear to reduce greatly the number of infections, because prac- 
tically every apple is affected anyway; but in the average blotch- 
infected orchard of the Ozark section the reduction is very notice- 
able. In 1914 the absence of rain during the latter half of May and 
during the first three weeks of June greatly reduced the number of 
infections. In Arkansas the period of heaviest infection did not 
occur until about July 1. In Kansas, where blotch is a particularly 
serious disease, it was found, as Lewis had noted previously in dry 
seasons. that the disease was not greatly hindered by the dry weather. 
The sources of infection, that is, twig cankers, are much more abun- 
dant in Kansas than in Arkansas, and even if a large proportion of 
the expelled spores failed to germinate there would still be enough 
to infect the fruit heavily. Undoubtedly, as in the case of most 
fungous diseases, moist weather is particularly favorable for the oc- 
currence of the maximum number of blotch infections. 

The writer has never been able to note any relation between the 
amount of infection and the temperature extremes during May and 
June. Neither extreme appears to be particularly favorable or par- 
ticularly unfavorable. 
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RELATIVE SUSCEPTIBILITY OF APPLE VARIETIES. 


The list of susceptible, moderately susceptible, and resistant vari- 
eties shown in Table II is based on the publications of Scott and 
Rorer and of Lewis and upon the writer’s own observations. It 
often occurs that a variety which is quite resistant and which has no 
twig cankers of its own will show some infections on the fruit if it is 
growing in close proximity to a badly infected variety. 


TABLE II.—List of apple varieties, showing their relative susceptibility to blotch 


infection. 
Very susceptible. Moderately affected. 
Resistant varieties. 

Varieties. Varieties. Varieties. Varieties. 
Missouri. Gano. Oldenburg. McAfee. Winesap. 
Ben Davis. Domine. Benoni. Ralls. Jonathan. 
Northwestern. Huntsman. Arkansas. Yellow Bellflower. | York Imperial. 
Limbertwig. White Pearmain. Bradford. Northern Spy. Givens. 
Maiden Blush. Smith. Ingram. Stayman Winesap. 
Lawver. Tolman. Collins. Fink. 
Shockley. Fameuse. Rambo. Minkler. 
Clayton. Wagener. Golden Russet. Wealthy. 
Willow. Gilpin. Grimes. Rome Beauty. 
Arkansas Black. Yellow Newtown. 


REMEDIAL MEASURES. 


Under ordinary conditions blotch is controlled rather easily by 
spraying, but under conditions of severe infection the spraying 
must be done with great promptness and thoroughness. In mild 
cases control is accomplished by spraying with lime-sulphur solution 
(32° to 84° Baumé) diluted at the rate of 14 gallons to 50 gallons of 
water (or homemade lime-sulphur solution diluted to equal strength), 
but under conditions of severe infection lime-sulphur solution is not 
efficient. Under such conditions control is attained through the use 
of Bordeaux mixture containing 3 pounds of bluestone (copper sul- 
phate) and 4 pounds of lime to 50 gallons of water. Where lime- 
sulphur gives adequate control it should be used, as it is less likely 
to injure the fruit and foliage than Bordeaux mixture. The first 
spraying for the control of this disease should be finished three weeks 
aiter the blossom petals have fallen, the second should occur three 
weeks later, and the third about 9 or 10 weeks after the petals fall. 

By thorough spraying for three or four years, the number of 
twig cankers will be greatly reduced, making control much easier. 
The old cankers will die out after that length of time, and the coat- 
ing of spray on the young twigs will prevent the formation of new 
ones. 

In this way Mr. Leslie Pierce, of the Bureau of Plant Industry, 
and the writer greatly lessened the number of twig cankers and in- 
creased the ease of control in an orchard in northwestern Arkansas 
during 1913, 1914, and 1915. 
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This orchard, consisting of trees of Missouri, a very susceptible 
variety, was, prior to 1913, badly infected with blotch. In fact, pre- 
vious to 1913 the orchard, mainly because of blotch, had not matured 
a crop. After three years of thorough spraying, done at the proper 
time, the trees are almost free from twig cankers and the disease 
is nearly eliminated from the orchard. 

Spraying, then, not only prevents the infection of fruits during the 
current year, but tends also to lessen the number of possible infec- 
tions during succeeding years. Furthermore, since, as the writer (4) 
has shown, the bitter-rot fungus may live through the winter in blotch 
cankers, the elimination of the latter may be an aid in the control of 
bitter-rot in orchards in which that disease is present. 


SUMMARY. 


(1) Apple blotch, a serious disease of the more southern apple- 
growing sections of the United States, affects the twigs, fruit, and 
leaves of the apple. It has been shown by previous investigators 
(Waite, Clinton, Sheldon, and Scott and Rorer) to be caused by the 
fungus Phyllosticta solitaria, which, as Sheldon and Scott and Rorer 
discovered, winters over in twig cankers and infects the young fruit, 
leaves, and twigs during the following year. Neither Scott and Rorer 
nor Lewis considered mummied fruit of the previous year an impor- 
tant source of infection. 

(2) The writer has made successful cross inoculations on fruit, 
leaves, and twigs from pure cultures of the fungus obtained from 
naturally diseased fruit and twigs, thus confirming the inoculation 
work of Scott and Rorer, which, however, was not done by the use of 
pure cultures. 

The reason so few infections occur late in the season is due to the 
increased resistance of the host, in addition to the fact that there is a 
gradual decrease in the number of spores produced by the causal 
fungus. A large number of mummied fruits were examined at in- 
tervals throughout the spring, but no spores were found. Hence 
it is concluded that mummies are not an important source of infection. 

Wet weather favors blotch, but in orchards in which twig cankers 
are abundant the disease is not checked effectively by dry weather. 

(3) The disease is controlled by three sprayings with 34-50 
Bordeaux mixture at intervals of three weeks, the first of which 
should be completed about three weeks after the blossom petals have 
fallen. Summer-strength lime-sulphur solution may be substituted 
for Bordeaux mixture where the disease is not severe, thus lessening 
the risk of injury. The proper time for the first application has been 
determined both by spraying experiments and by spore germination 
tests in the laboratory. This spraying schedule differs only slightly 
from that originally worked out by Scott and Rorer. 


(1) 


(2) 


(3) 


(4) 


{5) 


(6) 


(7) 
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‘ INTRODUCTORY. 


Nearly every year there is brought to this country some insect 
immigrant, and frequently, in the course of time, these immigrants 
prove to be pests. As a rule, they are introduced through the large 
seaports, particularly’ Boston, New York, New Orleans, and San 
Francisco, from which points they spread westward, northward, or 
southward, and less frequently eastward. Occasionally such an in- 
sect is carried by commerce beyond the coasts and makes its first 
appearance inland. This happened in the case of the insect to which 
the senior author has given the name of the horse-radish flea-beetle 
(fig. 1) and which is known zoologically as Phyllotreta armoraciae 


Norre.—Horse-radish is widely cultivated in the United States and especially where 
the horse-radish flea-beetle is now most injurious. The farm yalue of horse-radish is 
not far from $400,000 per annum, considering its growth for home use. Two other 
insects than the horse-radish flea-beetle are especially attracted to it, the horse-radish 
webworm (Plutella armoracia Busck) and the horse-radish caterpillar (Hvergestis 
straminalis Hibn.). Neither of these is of any importance, but in the southern range of 
growth of horse-radish the harlequin cabbage bug is a most destructive pest, seeming to 
prefer this plant to other crucifers. ‘The horse-radish flea-beetle will continue to spread 
and soon become a dangerous pest unless growers practice methods of control. 
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Koch.t It was obtained for the first time in 1893 on the withered 
leaves of horse-radish in a vacant lot within a fourth of a mile of the 
grounds of the Columbian Exposition at Chicago, Ill. It is possible 
that the species was actually introduced at about that time, but 
probably the time was one, two, or more years earlier, and it was not 
reported as a pest until 1908. ‘ 

The larvee as well as beetles live on the leaves and petioles of 
the common horse-radish (|Vasturtium]| Radicula armoracia) and 
when numerous injure the plant to such an extent as to reduce 
materially the root crop. The larve mine the petioles or midribs 
(fig. 2), while the adults feed on the leaves, causing the charac- 
teristic flea-beetle iInjury—withering and dying—or gouge deep pits 
in the petioles or midribs. ° 
i This beetle belongs to the same genus 
as the well-known injurious striped 
cabbage flea-beetle (Phyllotreta vittata 
Fab.) but may be distinguished readily 
from all other species occurring in 
this country by its elytra or wing- 
covers, which are mostly of a pale 
cream color with a comparatively nar- 
row sutural black stripe, as shown in 
figure 1. 

The horse-radish flea-beetle, having 
recently become an economic factor 
in the growing of horse-radish? on a 
commercial scale in Brown County, 
near Green Bay, Wis., the junior 
author has been able to trace its life 


ic. 1.—The horse-radish  flea- : 
beetle (Phyllotreta armoraciae): economy and history. It first appeared 


Adult. Greatly enlarged. (Origi- 


nal.) in sufficient numbers to be seriously in- 


jurious in the summer of 1914, when it 
was reported and observed by Prof. J. G. Sanders. In the two years 
following, the beetles reappeared in large numbers in the same 
locality. 

While as yet not vert generally distributed and confined to 
attacks on the relatively unimportant crop of horse-radish, the pos- 
sibility that this insect in its new domain may adapt itself to the 
other and more important members of the cultivated cruciferous 
plants renders it worthy of such notice as can be supplied. 

1 Order Coleoptera, family Chrysomelidae, subfamily Ialticini. 

*The authors desire to acknowledge the cooperation of the Department of Evonomie 
Entomology, University of Wisconsin, and the many favors received from Mr. George B. 


Smith, Green Bay, Wis., on whose farm the junior author was stationed when many of 
the data in this paper were obtained. 
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DESCRIPTIVE. 
THE ADULT. 


In appearance Phyllotreta armoraciae is distinct from any species 
of flea-beetle belonging to or introduced into this country. It is 
‘somewhat larger and wider than 
any of the native species of the 
genus. It is of oval form, 
strongly convex, and black in 
color. The first three antennal 
joints, the apices or tips of the 
four anterior femora, the tibie, 
and the tarsi are reddish yellow. 
The elytra are very light yel- 
lowish, or cream color, nearly 
white, with a very thin black 
lateral margin and a broadened 
sutural stripe, widest at the mid- 
dle and constricted at each end 
and extending from the base of 
the thorax to the apex of the 
elytra, where it joins the lateral 
line. The frons or front is very 
finely, and the prothorax and 
elytra densely, punctate. <A 
sensitive pore from which pro- 
ceeds a seta is located on the 
lateral margin, which is behind 
the anterior angle. In the male 
the fourth antennal joint is 
shightly thickened and longer 
than the fifth. In the female the 
fourth and fifth joints are equal. Fic. 2—Work of the horse-radish flea- 

The average length is from 3 eee aous petioles of horse-radish. 
to 3.3 mm., but individuals have 
. been observed where there is a variation of from 2.6 mm. to 3.4 mm. 
and a variation in width of 1.3 mm. to 1.9 mm. 

The following synonymy is recognized : 

Phyllotreta armoraciae (Koch). 
Haltica armoraciae Woch, Entom. Hefte, vy. 2, p. 75, 1803. 
Haltica vittata Steph., Mandibulata, p. 292, 1831. 

The species is also treated systematically by Tliger, Duftschmidt, 
Gyllhenhal, Schilling, Redtenbacher, Seidlitz, Foudras, Allard, Lees- 
berg, and others. 
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THE EGG. 


The egg (fig. 3) is oval, capsule-like, deep orange in color, with no 
special characteristic marking or reticulations visible under a 4-milli- 
meter objective. The following are the measurements taken from 22 
eggs: Maximum, 0.47 mm. by 0.84 mm.; minimum, 0.26 mm. by 0.43 
mm.; average, 0.83 mm. by 0.57 mm. 


THE LARVA. 


The immature larva—The larva, just after 
hatching from the egg, is about 1.8 mm. long by 
0.2 mm. wide; the color of the entire body is 
a Le eee. whitish, the head, thoracic plates, and anal plate 

radish flea-beetle: Varying from whitish to pale brown. Within a 

saan DY ieeinattl few hours the head, thoracic plate, and anal plate 

become darker, and a day or more later turn deep 
brown. In other major respects, excepting the numerous transverse 
wrinkles and the relative proximity of the sets, the young larva is 
very similar to the older larva. 

The mature larva.—The larva (fig. 4), hae full grown, is slender 
subeylindrical, pale yellowish white, with dark brown heat thoracic 
plate, and anal plate; mandibles 
distinctly quadridentate; head 
with the usual V-shaped epicranial 
suture and dark median line caused 
by attachment of'tentorium; five 
setae on epicranium each side of 
median line, several sete distrib- 
uted irregularly about lateral mar- 
gins of head as shown in figure 4; 
thoracic plates divided by distinct 
suture; row of three setz along an- 
terior lateral margin of each plate ; 
one on lateral posterior angle; four 
minute setze on posterior inner mar- 
gin of each plate; one seta on inner 
anterior angle; mesothorax with 
pale chitinous plates bearing sete, 


Fic. 4.—The horse-radish flea- beetle: 


two in anterior row, four in pos- Larva; at left, dorsal view; at right, 

terior row, four on slightly elevated lateral view. Tubercles and tubercu- 
; ‘ ati liferous hairs more prominent than in 

pleural area; metathorax similar. nature to show arrangement. (Hn- 

The thoracic legs each bear one larged.) ( Original.) 

claw. 


The abdominal segments bear dorsally three rows of slightly ele- 
vated chitinous plates, each of which gives rise (when not continu- 
ous) to a seta; the first row comprises six, the middle row two, the 
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third row four; at the ends of the third row, a little anterior, are the 
slightly elevated chitinous pleural plates, bearing three sete each. 
The anal plate approximates a rectangle in outline with the sides 
converging toward the posterior end and corners rounded. ‘The 
whole surface except the chitinous plates is covered with minute 
granulations. ° 
The length just prior to pupation is 4.8 mm., the width 0.8 mm. 


THE PUPA. 


The pupa (fig. 5) is white and about the same size as the mature 
beetle. The antenne are placed along the dorsal margin of the 
wings and extend around on the ventral side about one-half way to 
the middle of the body. Between the wings, which extend down to 
the fourth abdominal segment, is a narrow space 
in which the tarsi of the three pairs of legs are 
placed. The femora and tibize of the anterior 
pairs of legs are parallel and extend transversely 
across the body over the wings, while these parts 
of the posterior pair of legs extend obliquely and 
are under the wings, the tips being just visible. 
Two forceps-like chitinous processes occur at the 
apex or tip of the last abdominal segment; a stout 
seta on the tip of each femur, and a number of setz 


at various points on the head and body. Fic. 5.—The horse- 
' radish  flea-beetle : 
DISTRIBUTION IN NORTH AMERICA. Eee Ee le ca 


The following is a list of localities in which Sea ey ee 
the horse-radish flea-beetle is known to occur in 

North America. (Fig. 6.) This list is given in approximate order 
of the first noted appearance of the insect, with the name of the col- 


lector in each case: 


Chicago, Ill., 1893 (Chittenden). 

Guttenberg, Iowa, 1894 (Hugo Soltau). 

Okauchee, Wis., 1896 (Dr. E. G. Love). 

Dane County, Wis., 1900 (Dr. Wm. S. Marshall). 2 
Bloomington, McLean County, I1l., 1900 (Wolcott). 

Glencoe, Ill., 1908 (J. E. Fehd). 

Milwaukee County, Wis., 1908 (Dr. S. Graenicher). 
Whitewater, Wis., 1909 (Univ. Wis. Coll.). 

Westmount, Quebec, 1910 (A. F. Winn). 

Lake County, Ind., 1910 (Wolcott), (Blatchley). 
Shermerville, Ill., 1912 (Retzinger). 

Chester, N. J., 1913 (H. O. Marsh). 

Green Bay, Wis., 1914 (J. G. Sanders), 1915 (N. F. Howard). 
Highland Park, Mich., 1915 (lL .Miller). 

Omaha, Nebr., 1915 (Ehlers). 

Potsdam, N. Y., 1915 (Chas. Dury). 

Ashtabula County, Ohio, 1915 (Robt. Sim). 

Madison, Wis., 1916 (N. F. Howard). 


\ 
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The horse-radish flea-beetle is of European origin, and was first 
described by Koch in 18031 from Germany. It is a well-known 
species in the Old World, and its specific name is derived from its 
favorite food plant (Nasturtium) Radicula armoracia. Like all of 
the striped flea-beetles of the true genus Phyllotreta, the present 
species breeds on cruciferous plants. 

As to the means of introduction of this species in the heart of this 
country, it was probably brought in with horse-radish and less prob- 
ably in marsh cress (adicula palustris), or possibly with some 
potted plant. It is not impossible that these plants were brought to 
America expressly on account of, if not actually for, exhibition at 


Fie. 6. 


Map showing present known distribution of the horse-radish fiea-beetle. 
(Original. ) 


the Columbian Exposition. It is remarkable, however, in being 
introduced, not near a seaport, but so far inland. 

In the place of its nativity this species ranges throughout middle 
Europe. Among early records of its establishment in the United 
States are Guttenberg, lowa; Chicago and Bloomington, Ill.; and 
Okauchee, Wis., about 30 miles due west of Milwaukee, and in 1896 
there was a strong probability that it would soon spread to Missouri 
and perhaps to southern Minnesota and Michigan—in other words, 
that it would establish itself in the course of time in the upper Aus- 
tral and, perhaps, a portion of the Transition region in the vicinity 
of its known range at that time. This would include Nebraska in 
the West and Ohio in the East. The natural progress of most in- 
sects introduced from Europe is westward, but there are several 


1 Numbers in parentheses refer to ‘‘ Bibliography,” p. 15. 
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examples, notably the Colorado potato beetle, of an insect pest which 
has first traveled eastward. 

The predictions made in 1896 that the horse-radish flea-beetle 
probably would spread soon to southern Minnesota and Michigan 
were practically correct, as the species is known to be near the State 
line of Minnesota in Iowa. It had reached Michigan by 1915 and 
had spread to Ohio and Nebraska the same year. That it. would take 
an eastward sweep as far as Potsdam, N. Y., Quebec, Canada, and 
northern New Jersey was scarcely expected for years to come. It is 
now near the border line of Pennsylvania and will undoubtedly 
spread to that State and to southern New York. The tendency is 
northward rather than southward, Bloomington, Ill., being the most 
southerly locality from which it has been reported. 

Until otherwise known (and there is little likelihood of learning 
anything more definite with regard to the first appearance of the 
horse-radish flea-beetle), it must be concluded that this species was 
introduced first into Tlinois in or around Chicago. From this center 
it has spread westward and northward, and has evidently taken large 
commercial jumps eastward, or has been introduced into New Jersey 
independently, but has made little progress to the south. From pres- 
ent knowledge it apparently prefers the regions about the Great 
Lakes, but in time doubtless it will be quite as numerous in other 
waterways and tributaries, even in moist places generally, which are 
the natural habitat of its principal food plants—horse-radish and 
marsh cress. In the course of time the somewhat scant records 
doubtless will be greatly enlarged, showing thereby a more general 
distribution than is known at present. It has been remarked that 
in Wisconsin, in the Green Bay region, conditions for the develop- 
ment of this species are highly favorable. This is in the northern 
portion of the Transition Life Zone, while Quebec is in the Canadian 
portion of the Boreal Zone. 


REVIEW OF LITERATURE. 


An account of the horse-radish flea-beetle was given by the senior 
author in 1895, which is now out of print (3). In this article men- 
tion was made of the first occurrence of the species in this country 
and of the European literature, and the insect was compared with 
other species of its genus. The original technical description was 
published in 1803 (1). In 1893 Julius Weise (2) gave a systematic 
and detailed description of the species with biologic notes and 
bibliography. In 1897 (4) the senior author noted the occurrence of 
this insect in Wisconsin in 1896 and suggested the probable range 


1 Figures in parentheses refer to Bibliography, p. 15. 
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of the species. In 1900 A. B. Wolcott (5) made mention of the cap- 
ture of the beetle at Bloomington, Ill. Injury by this species was ~ 
briefly mentioned by J. J. Davis in Illinois in 1910 (6). In 1910, also, 
Blatchley (7) recorded its occurrence in Lake County, Ind., and in 
1911 A. F. Winn (8) observed it at Westmount, Quebec, Canada, on 
horse-radish received from Montreal. It is not stated, however, 
whether the insect was believed to come from Montreal or from 
Westmount. In Europe brief notes were published by Heikertinger 
in 1911 and 1912 (9, 10). 


FOOD PLANTS. 


This beetle is partial to horse-radish and marsh cress. It was taken 
once on young cabbage in hotbeds in early spring by the junior author 
but was not observed to be eating. The future no doubt will reveal the 
possibility at least of other host plants. 


SEASONAL HISTORY. 
THE EGG. 


The eggs are deposited from the latter part of April or early May 
through spring and summer until early August. The manner of 
placing and the position are variable, but the preferred location is on 
the tender petioles of young leaves, in the crevices where they leave 
the root. A few eggs have been found on the ground and on different 
places on the leaves, above and below the ground, and also carefully 
placed in the pits made in the stems and petioles by the larve or 
adults. They usually occur in small masses, either carefully arranged 
side by side in single rows, or two rows high, or carelessly piled with- 
out order. Occasionally an egg is found standing on end. The 
attachment to the plant is not very secure and often an egg-mass falls 
on the slightest disturbance. In the cages from 2 to 26 eggs were 
laid at intervals by a single female. While the most frequent number 
of eggs deposited was 22, at times 44 were deposited, indicating that 
about 22 eggs are developed in the ovarian tubes at one time. Copula- 
tion often takes place between deposition of batches of eggs, but it 
has not been determined whether or not this is necessary before the 
deposition of each batch. Judging from analogy, however, it may 
not be necessary. Hundreds of eggs were obtained in the insectary, 
but the egg record of one gravid female (Table 1) will suffice to show 
the egg-laying capabilities of the species. This female was placed 
in a vial with a portion of horse-radish leaf May 1, 1915, and the 
total number of eggs laid was 418. 
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TABLE 1.—Hgg record of a single female horse-radish flea-beetle.* 


Number 
Date. of eggs Remarks. 
deposited. 


PNA | Se aa Ses Copulating. 
25 44 | Within 48 hours. 
27 DATS Enea en ct ee eRe aia seas eases s 
29 44 | Within 48 hours. 
Ue reeete ceca= sie Copulating. 
July 1 28 | Hatched July 12. 
2, PAE SS Nee ER 5S OU NSS ee OS eae 
3 Dob |S emes ee es eRe cee sae cece 
12 39 | Within 72 hours. 
TA Weeks ocaee ce Mass; not counted; estimated at 22. 
dU7AI'e| Serene ners Copulating; eggs laid about July 11 
hatched. 
ISM iseeisesseoe Copulating. 
22 7 | Copulating; within 36 hours. 
30 26 | Within 5 days. 
Aug. 3 22 | Within 72 hours. 
Em area Biel as Female dead; male still alive. 


1 Within 24 hours in each case, unless otherwise mentioned, eggs were always removed. 


Incubation.—The incubation period of the egg varied from 7 to 14 
days, as the following data show: 


TABLE 2.—I/ncubation period of eggs of horse-radish filea-beetle. 


AaaeL, When deposited. | Date of hatching. | Incubation period. eae 
Days. 

20 ace mtseis Sq Maiygil Seema tee ae Before May 17....| 14(approximate).....| May 17. 

(Bats ee ere Gene Geeaaunreene IMAG Ile aos soos TAO ete cee eait oe Ecc [ial at, eo 

ese Shane at Maly dese tao Maiye25: °- Saees FAI IN (sah os pgs al] Ls ea A ei 

Pies ee een liye ee eee live! 2 eee TLS SES ee eee ae eee sae 
Vib Oy esse | Aolhy Weeoss-- cack 7 (GA SONANTTENKS) \soasecllsseecosonaee 

IEE apie Sah dite) Anse asedesc July 4 or 5.---.-.- Si(approximate)s.-.-.|--522--s2e2- 


The months of May; June, July, and August were from 3.6° to 
5° F. below normal. 
THE LARVA. 


On hatching the young larva crawls about the leaf for some time. 
Several individuals, observed over an hour, showed no particular 
course. Some went up toward the tip, others toward the crown, 
where they were lost from sight, but none started feeding. A small, 
tender petiole, recently invested by numerous larve, showed that 
they had entered at different places along the inner side. 

As the larvee grow and feed in the tissues of the petioles and mid- 
ribs of the leaves, their presence is indicated by darkened or dead 
areas, where they have approached the surface. When the larve are 
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very numerous, the petiole is tunneled to the extent that it shrinks 
considerably and causes the leaf to wither and die at the tip and 
about the margins. When the larva is ready for pupation, it leaves 
the petiole and enters the ground. The exit holes, which soon collapse 
and appear as brown spots, are also characteristic of larval injury. 

When both larve and adults occur together, the former are the 
more injurious. The injury which the adults cause to the young 
shoots early in spring as they are breaking through the soil is pos- 
sibly more serious than subsequent injuries. 

That the larva may live in the roots of the plant has been clearly 
demonstrated since it was first reported to the senior author. A 
potted plant died and was left intact for about a month. When the 
pot was wanted for another experiment the soil was found to con- 
tain several larve and pup. Only the shell of a root remained, the 
contents having been completely devoured by the larve. The pup 
transformed to normal adults shortly afterward. This habit of de- 
scending to the roots is not very general, however, for it has never 
been observed while roots peeled for the shredder were being ex- 
amined. 

After leaving the plant the larva enters the soil to a depth of from 
one-eighth to one-fourth of an inch or even 3 inches. Here it re- 
mains for 4 or 5 days, when it becomes white and short and thick. 
In this form it is inactive. From 2 to 6 days, usually 3 or 4, inter- 
vene before pupation. 

The total larval period of an individual which was deposited as 
an egg on May 1, and which was hatched about May 15, was 48 days 
(about May 15 to about July 6). Another required 52 days; two 
others required about 57 days, two others 64 days, and two others 
66 days. 

The two larve which developed in 48 and 52 days, respectively, 
each remained 10 days in the pupal stage. Three other individuals 
also passed the pupal stage in 10 days, but .one required 12 days, 
while three required from 12 to 13 days. 

On September 11, 1915, a few pupee in the cages had not yet trans- 
formed. April 17, 1915, the adults were already numerous about the 
ground where the shoots of horse-radish were just appearing, or 
about to appear. 

This flea-beetle, like others of its kind, and like most leaf-beetles, 
hibernates in the adult stage. Careful search for pupe from time to 
time practically proves this. 

In Wisconsin only one generation appears annually. 

The total period of time from egg laying to adult ranges from 77 
days to about 90 days in the cases where complete records were 
obtained. Repeated attempts to obtain eggs from the adults of the 
current season failed. 
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The length of the egg-laying period, as shown by the record of an 
individual given above, is about 75 days, from the middle of May to 
the first of August. It is certain that this beetle emerged in 1914, 
probably in August or the first of September, and it is fair to as- 
sume that the species would have lived longer in nature had it not 
been killed by predators, parasites, disease, or the like. This shows 
the species to be exceptionally long-lived, living about a year in the 
adult stage. 

The fact that the males are as long lived as the females may pos- 
sibly be due to the fact that copulation is necessary at intervals dur- 
ing the egg-laying period. 


RECORD OF EXPERIMENTS IN 1916 AT GREEN BAY AND MADISON, WIS. 


April 24, a pair of beetles confined with horse-radish plants. 
April 30 to May 5, copulation observed. 
May 11, 15 eggs deposited within 24 hours or less. 
May 12, 12 eggs in fold of leaf; might have been overlooked the day before. 
May 17, 31 eggs found deposited since May 12. 
May 22, 24 eggs found over Sunday, about 48 hours. 
May 24, 20 eggs and copulation observed. 
May 25, 25 eggs observed. 
May 29, 48 eges obtained over Sunday in about 48 hours. 
May 31, moved to Madison, Wis. 
June 4, 66 eggs. obtained since May 30; copulation observed. 
June 9, 44 eggs, approximately, observed since June 4. 
June 14, 60 eggs found in 24 hours. 
June 15, 49 eggs seen in about 24 hours. 
June 21, 27 eggs obtained since June 15. 
June 24, 44 eggs seen in 24 hours. 
June 27, 48 eggs deposited within 24 hours or less. At this point the obser- 
yations were discontinued. 


HATCHING RECORD. 


The same difficulty which was experienced in 1915 in the hatching 
of the eggs was observed this year. Of the entire number of eggs 
obtained from the female whose record is given above, a total of 513, 
the following hatched: 

June 4, 1 egg deposited May 17 hatched, 17 days. 

June 9, 1 egg deposited May 17 hatched, 22 days. 

June 14, 7 eggs deposited June 9 hatched, 7 days. 

As noted in the table of the 1916 records (Table 3), some of the 
larvee died and only a few of these cases are mentioned; the re- 
mainder, being unimportant to the records, are not recorded. All 
dates on which observations were made are given. 
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TABLE 3.—Life-history record of the horse-radish flea-beetle during 1916. 


Date peate Egg and] Date of Pre- Date of Total igen) 
eggs ‘hese larval pupa- pupal emer- pupal Blah 
laid. plant stages. tion. period. | gence. | period. : 
Days ays Days Days 
July 20 SP ll MODE A 8)" | eee ose Died: 24a eas Beats stee 
21 53 27 Gillis 58 5._) rcemcrell ee eee eal ee ae 
21 53 27 6 | July 31 10 63 
24 56 27 3 31 a 63 
24 56 28 A | sale oiatetci peel opens = aes | Pet 
a a |e ae, Ske p/h ae ban To Ie pee VAG CR a Ne oe al 
July 27 59 31 4} Aug. 5 9 68 
27 59 31 4 7 11 70 
27 59 31 4 7 il 70 
27 59 31 4 2 if 66 
27 59 31 4" Diet iae |e. eee | Per ee 
27 59 31 4 | Died eo). ees bonis Beiee 
Sesto a Qe come coma Gly no See 63 
he Et eae ad PY ( {ase a ane She Seesee 63 
Sa R Haren sscetaasos Sere os cee AUS yon | eee 68 
Aug. 28 60 | Aug. 2 5 8 68 
28 60 2 5 ||) Dieden.52| 4a. See el eee 
28 60 3? 6.) Diedo2s2|k es eee ee eee 
31 63) [oes scsmacmlemas cesaes Aug. 5 6 68 
31 63 5 5 13 13 75 
31 63 5 5 13 13 75 
31 63 5 5 13 13 75 
31 63 5 5 13 13 75 
Aug. 2 65 7 5): Diodes tes as cers. ella URES 
May 291) 2 65 9 0 Diedis kas \ieee eee eee eee 
2 65:|| Died: 3) ir 4 Sica hs. Se | ee ee ee 
2 65.) “DIG ye acetone os See ere ee ee ee 
5 68 | Aug. 7 2) Died 2h). ees 2s eae eee 
5 68 9 4"! Died Fees salty, eee eee 
5 68:4) Died: <.)3) She sa oa eee ee ee eee 
5 68" Died. eee FeO sa) Ss Sa ae ee eee 
5 68)| Died ..2:3|2oxs 5 sc Ses ee aoe eee eee Gee 
5 68: Died’ ere eee Ee cere ee ee ene ee 
=e es eee ee Ang: Sule. 2352 8 _|\ Diels 75 | ey res eee: $ 
Aug. 7 70 13 6 | "Diedn: Hse e a eeeee peer 
7 70: ||) Died. 4) BY Ls Sa ee ee ee 
9 t2|| Died 2: Joo 2.ccek.5: ih ~ cee eee nee bee Eee 
9 72! Died... . nj se oe cl cee | eee eee | eee 
9 02) Died Sl Pemeee seme eres er eee ec -\ ano a ae 
9 2s (Died 32 A eee eee ee el MO Pas Salsas Soka 
tutes Se cd[Bad date Scie Gos eae eee cee Aig. 7 SSE ee ee 70 
Aug. 13 75 | Aug. 20 Ded ea a2] nec Sse es eer 
13 75 20 7 Died toes. alee ee 
13 75 20 Til Dieds.54 cesses paelee cease oe 
Fees donde pace soe 13 | |Seeeie ce || AUP 20 eee 83 
eee the fete eee ete 13 es22..-...| Died 2. Pee eee eee 
PRC e hee aeyen lene Seer ee S Jeel=.e. 2 || Ag eeoD) | aes 83 
w/a ar Sisia oyal| eye Bie yon ec Pee a eet ea ea QORe Sete 83 
as eae ek AE 5% eee se Pid apart ca gst 
| 
1 Approximate. 
SUMMARY OF TABLE. 
Average combined egg and) larval stagés << . 2.2 ecse cee oh ee a doe eee oe eee days.. 61.4 
Average prepupal period; 30 individuals:: - 223 eee ee een eee Gonrae 459 
Average total pupal period, 12individuals." 0.62202 eee ee ee eee do. 10 
Average ege to adult, 20 individuals. 2.3.62 5 osc. obec kaw ee Shee eee ee eee do. 71.8 


OTHER RECORDS. 
Appearance record: First observed on leaves of horse-radish just breaking through the ground at Green 


Bay, Wis., April 20, 1916. 
Copulation first observed May 2. 


RECENT INJURY. 


An account of recent injury by the horse-radish flea-beetle was 
received from a correspondent at Shermerville, Ill., who wrote Janu- 
ary 3, 1917, substantially as follows, and who, later, furnished 
specimens: 


I should like your advice on an insect which destroys my horse-radish. It is 
causing thousands of dollars loss every year in this community, and there seems 
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to be no way to destroy it. It is very small, yellow with black stripes, and it 
hops; inside of the leaves there are about 25 or 50, according to the size of the 
feaf. They do their damage when the horse-radish first sprouts after planting, 
eating off the sprouts as they come up. We have for years hauled out all old 
dead leaves, after marketing the horse-radish, and burned them. Paris green 
kills the leaves; kerosene solution does not kill the bug. Every year I plant 
about 85,000 plants, and the last two years only about 8,000 developed ; besides 
the loss, I have less and less plants each year. There are several planters who 
have lost their entire crop on account of this insect. 


NATURAL ENEMIES. 


‘ 


No parasite or disease of any sort has been observed in the field or 
in confinement. This is undoubtedly an oversight, since other flea- 
beetles have natural enemies, such as parasites of the adults, and in 
time these will probably come under observation. From Glencoe, II1., 
a larva apparently predacious on the larva of this species was received. 


ASSOCIATED INSECTS. 


Associated with this species at Madison, Wis., were three species 
of minute maggots, (Llachipiera) Crassiseta nigriceps Loew, Oscinis 
pallipes Loew, and Agromyza scutellata var. variegata Meig. The 
first was found in horse-radish stems with the flea-beetle, and adults 
were reared from larve boring in the same stems, often in the same 
tunnels, as the flea-beetle larva. The third species was reared in 
horse-radish flea-beetle rearing cages with the preceding. This and 
probably one or more related species have often been reared from 
horse-radish stems both at Green Bay, Wis., and Madison, Wis., but 
just what part they play in the economy of this beetle is unknown. 
The adults frequently annoy the beetles by flying around and appar- 
ently attempting to alight on them. 


METHODS OF CONTROL. 


SPRAYING. 


The injurious flea-beetles of the group to which this species belongs 
have never been satisfactorily treated by means of insecticides, to the 
knowledge of the authors. The same applies to other groups of small 
flea-beetles which attack solanaceous plants, like potato and egg- 
plant. The powerful hind legs which enable these insects to jump 
like fleas assist them in escaping from plants during spraying op- 
erations, and it is a matter of general knowledge among practical 
entomologists that it can not be very well determined how much 
poison, if any, they obtain by feeding on the poisoned surface of 
leaves. Many experiments have been made, and in practically every 
case the results have been negative. On the other hand, where Bor- 


14 BULLETIN 535, U. S. DEPARTMENT OF AGRICULTURE, 


deaux mixture has been applied, the flea-beetles of different groups 
are nearly always repelled. It is evident that arsenicals repel, but 
in the case of flea-beetles Bordeaux mixture is more effective, a fact 
which has been known for many years. 

During the season of 1914, when injuries by the horse-radish flea- 
beetle in Wisconsin were very serious and the root crop was much 
reduced, it was found necessary to bring roots from farther south 
to supply the usual trade. At this time arsenate-of-lead paste, 64 
pounds to 50 gallons of water, was used four times with considerable 
success. In the spring of 1915 the field was plowed, the'roots col- 
lected, stripped of every vestige of leaves, and planted about a quar- 
ter of a mile from the old bed. This reduced the beetles to such an 
extent that very little injury was apparent until the middle of June, 
ALS, 

On June 23 the plants were sprayed with arsenate of lead, and the 
numbers were reduced considerably. About three weeks later the 
poison was applied again. In the latitudes of Wisconsin, Michigan, 
Ohio, Pennsylvania, Delaware, New York, Indiana, and Iowa the 
spray should be administered at intervals from about the last week 
in April until late in July. 


VALUE OF CULTURAL PRACTICES. 


The importance of the employment of methods for the control 
of these insects as pests 1s exemplified by the experience of a firm at 
Green Bay, Wis. Before the advent of flea-beetles, truckers were able 
to raise horse-radish on a large scale from the same beds for several 
years at a time, but now the abundance and destructiveness of this 
flea-beetle makes it necessary to change these cultural practices com- 
pletely in order to produce a crop, and it is necessary to replant a 
new bed frem-old roots every season. 


SUMMARY. 


The growing of horse-radish in the North is menaced by the intro- 
duction from Europe of a small insect known as the horse-radish flea- 
beetle. The beetle is oval in outline, about one-eighth of an inch 
long, with yellow elytra or wing-covers bordered with black, and 
with a longitudinal black band through the middle. The larve or | 
young bore into the petioles or midribs of horse-radish, and the 
adults feed on the leaves and gouge deeply into the midribs, causing 
drying and death. 

The beetle was first recognized in this country at Chicago, IIl., in 
1893, since which time its area of distribution has increased until it 
now occurs from New York and New Jersey to Quebec, Canada, and 
westward to Nebraska. 
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The species passes the winter in hibernation as a beetle, coming 
forth in its northern range in April and May. 

While as yet destructive only to horse-radish, its capabilities of be- 
coming a pernicious pest, should it adapt itself to the economically 
more important cruciferous crops, must be acknowledged, and meas- 
ures should be taken for its suppression wherever possible. 

No systematic control program has been adopted as yet. Bordeaux 
mixture, a powerful repellent against flea-beetles, applied on the first 
appearance of the insect will prevent much injury, and if arsenate of 
lead is used later it should hold the insect in check. 

When a new bed is to be planted a location should be chosen as 
far removed as possible from any infested bed. It is advisable also 
to destroy all volunteer plants, not only to keep the insect in check 
but in some cases to suppress it as a weed. 


BIBLIOGRAPHY. 


(iD) Lacie, dle IDS Mie 
1803. Entomologische Hefte, v. 2, p. 75. Frankfort am Main. (See 
Hoffman, J. J., In Hagen’s Bibl. Hnt., p. 374.) 


Original description as Haltica armoraciae from Cochlearia armoracia, with 
illustration by Sturm. : 


(2) WEISE, JULIUS. 
1893. Chrysomelidae. Jn Hrichson’s Naturw.. Insecten Deutsch., v. 6, 
p. 865, S66. 
Systematic and biologic notes of Phyil. armoraciae, with description and sys- 
tematic bibliography. f 


(3) CHITTENDEN, F. H. 
1895. The horse-radish flea-beetle. J Insect Life, v. 7, no. 5, p. 404-406, 
1 fis., July, 1895. 
Two-page article recording first appearance of this Huropean insect in America— 
in Illinois and Lowa. ° 


Ca 

1897. Notes on certain species of Coleoptera that attack useful plants. 
In U. S. Dept. Agr. Div. Ent. Bul. 9, n. s., p. 20-25. 

Note of occurrence in Wisconsin and of probable increase in range. 


(5) Wotcott, A. B. 
Coleoptera of Central Illinois, No. III. Jn Ent. News, y. 11, no. 5 
p. 468-470. 
Mention of capture on horse-radish at Bloomington, Ill. 


J 


(GO) MIDAGEEE J dk 
1910. Insect notes from Illinois for 1909. Jn Jour. Econ. Ent., v. 3, 
no. 2, p. 180-187. 
Mention as being injurious to horse-radish in Illinois. 


(7) BLatTcHiEy, W. S. 
1910. On the Coleoptra Known to Occur in Indiana. 1,386 p., 590 figs. 
Description and record of occurrence near Pine, Lake County, Ind. 


16 BULLETIN 535, U. S. DEPARTMENT OF AGRICULTURE. 
(8) Winn, A. F. 
1910. The horse-radish flea-beetle. Jn 41st Ann. Rpt. Ent. Soc. Ont., 
p. 59-60. 
Occurrence at Westmount, Quebec, Canada, from horse-radish roots from Mon- 
treal, in May, 1910, and review. 
(9) HerkERTINGER, FRANZ. 
1911. Verhandl. Ik. IK. Zool. Bot. Gessell. Wien., p. 16, 17, and 19, 
fig. 8. 
Review of Chittenden (1895). 
(10) —_—— 
1912. Die einheimischen Kohlerdfiohe. Jn Centbl. Bakt. [ete.], Bd. 36, 
Abt. 2, fig. 4, p. 105, 106, and 115. | f 
Discussion of relationship, characters, and figure of male. 


ADDITIONAL COPIES 


OF THIS PUBLICATION MAY BE PROCURED FROM 
THE SUPERINTENDENT OF DOCUMENTS 
GOVERNMENT PRINTING OFFICE 
WASHINGTON, D. C. 

AT 


5 CENTS PER COPY 
Vv 


lO eS —=—. —=———----- 


=; BULLETIN No. 536 § 


fe Diy 4 
DION 1) “\ AEX aa 
Ow, Contribution from the Bureau of Entomology > Vag 
Yoru. F L. O. HOWARD, Chief 
Washington, D. C. PROFESSIONAL PAPER January 26, 1918 


THE MEDITERRANEAN FRUIT FLY IN HAWAII. 


By E. A. Back, Entomologist, and C. E. PemsBerton, Assistant Entomologist, 
Mediterranean and Other Fruat-fly Investigations. 


CONTENTS.! 
Page Page 
MPTOMUetIOWe mee. cece sees eee + se il) Saar y See Sw SE gs. 22t Soe 16 
Common WaMes es. eyo 2s =: anateekie cies 2 | sMethodsiotispready << scmecs. seen saane 18 
Oba So ene 2: (EOS Ghimuitisberet. 9 S/o... seems ee ne 21 
Distributloneece sees s42 52s e Sooo. ees 3 Fruits erroneously listed as hosts....-...- 22 
Source of Hawaiian infestation. ...........-. 8 Proven hosts in Hawaii-......:-..--.--- 24 
Conditions favorable to establishment in the Life history and description.......-.-.-..-.- 49 
Hawaiian Islands...............-..-----.- 9" | eSeasonalahistonyee. ne. -ceeee ea -4-c-e-6) © 1D 
Climatic conditions in Honolulu .......- Cel Na turalcontLrolsess- 2 -4-008e= ge ace eee ee ce 77 
ETOSU CONGITLONS) ae. == scien Sees oe ole LABS ee Arr hitieialkConmtroleectie 2. - 2 recente ene e ee 101 
Economic importance...........-...-.------ 1B) | Sibinhnbiny ss ape oase kann Ghote Sees ester 116 
INTRODUCTION. 


The Mediterranean fruit fly (Ceratitis capitata Wied.) (fig. 1; PL. 1, 
fiz. 1) since its discovery in the Hawaiian Islands in 1910 has caused a 
serious and permanent check upon horticultural pursuits in these 
islands. The history of this pest shows that it has been gradually 
spreading to all tropical and subtropical countries. The frequency 
with which infested fruits from Hawaii are being discovered and con- 
demned at California ports by representatives of the Federal Hor- 
ticultural Board indicates that this fruit fly might have become es- 
tablished in parts of California and in our more Southern States and 
might now be doing untold injury to fruit interests but for the effi- 
cient quarantine maintained on the Pacific coast by State and Fed- 
eral authorities. It is feared, however, that the Mediterranean fruit 
fly ultimately will be able to find some unavoidable weakness in the 
quarantine work and eventually become established on the main- 
land of North America. 

The investigations reported in this publication have been carried 
on by the Bureau of Entomology, United States Department of Agri- 


1 Tt has been found necessary to omit a bibliography consisting of about 350 references accompanied by 
brief résumé material. Reference should be made to Silvestri, Bulletin No. 3, Hawaiian Bd. Agr. and 
Forestry, for the most complete printed bibliography. 
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culture, under the immediate supervision of Mr. Charles L. Marlatt, 
assistant chief of the bureau and chief of the Division of Tropical and 
Subtropical Fruit-Insect Investigations. This work was undertaken 
during September, 1912, primarily to make available for mainland 
fruit-growing interests information that will prove of mestimable 
value in determining the extent of the possible. distribution of this 
pest and the factors of control which will be most important in eradi- 
cating newly discovered outbreaks. 

The senior writer wishes to acknowledge his obligations to Mr. 
Marlatt, who has greatly aided these investigations by his direction, 
and to express his appreciation of the assistance rendered by his 
associates, Messrs. C. E. Pemberton and H. F. Willard. 


Fic. 1.—The Mediterranean fruit fly (Ceratitis capitata): a, Adult female; b, head of same from front; c,spatula- 
like hair from face of male; d, antenna; e, larva; /, anal segment of same; g, head of same. a and e, 
Enlarged; 6, 9,/, greatly enlarged; c, d, still more greatly enlarged. (Howard.) 


COMMON NAMES. 


The common name ‘Mediterranean fruit fly’’ was first used by 
Frogatt in 1899 to distinguish Ceratitis capitata from other fruit flies 
found in Australia. At the present time this name is the most widely 
used and most satisfactory of the common names by which this pest 
has been known and will be used by thewriters. Other common names 
found in literature are ‘the fruit fly,” ‘‘the maggot,’ “peach fly,” 
“peach maggot,” “fruit grub,” “apricot worm,” “trypeta fly,” 
“West Australian fruit fly,” ‘orange fly,” and ‘orange fly trypeta.” 


ORIGIN. 


Although Wiedemann first described Ceratitis capitata from speci- 
mens collected by Daldorf, supposedly in the East Indies, the failure of 
subsequent entomological exploration in the Indo-Malayan region to 
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locate this species, except where it is known beyond question to have 
been introduced, has led entomologists to seek its original home else- 
where. Known facts concerning the artificial spread of this pest 
narrow its probable origin to the African continental area. According 
to Bezzi, the genus Ceratitis is of African origin. Information gained 
by various writers indicates that southern Europe is not its native 
home, although it has been recorded from this region for many years. 
Leonardi states that the Mediterranean fruit fly was not recorded as a 
pest in southern Italy until 1863, nor in Sicily until 1878. Had it been 
a native of Italy its ravages, as were those of the olive fruit fly (Dacus 
oleae Rossi), would have attracted the attention of writers prior to 
this time. While De Bréme first records specimens reared in southern 
Spain in 1842, it is easier, in the light of more recent investigation, 
to believe Spain to be an adopted rather than the original home. 
Compere states that in 1903 there was living at Carcagente, Valencia — 
County, Spain, an aged priest who could well remember the time in 
his childhood that peaches in that part of Spain were free from fruit- 
fly attack. Compere is also authority for the statement that com- 
mission merchants at Seville found that the pest was spreading 
farther inland to the north every season, even as late as 1903. The 
work of Graham (1910) and Silvestri (1912) has proved that (0. 
capitata is present in the little-developed West African countries of 
Nigeria, Dahomey, and the Kongo, and Gowdy found the species 
already established in Uganda as early in the development of that 
country as 1909. These records, coupled with the information by 
the South African entomologists regarding its spread into the south- 
ern part of the African Continent, lend color to the statement of 
Silvestri that the natural habitat of Ceratitis capitata is ‘certainly 
tropical Africa south of 8° N. latitude.’ Silvestri, however, is of the 
opinion that one can not state whether the whole of this region should 
be considered as the natural habitat, or only the western portion, 
until careful studies have, been made in French Equatorial Africa 
and British East Africa. Further exploration of the west coast of 
Africa north of 8° north latitude is very likely to establish new rec- 
ords of distribution and extend somewhat these limits of origin to 
include more semitropical territory. 


DISTRIBUTION. 


The Mediterranean fruit fly is at present established on every 
continent except that of North America. It has been recorded 
from the following regions: 


Europe: Spain, France, southern Italy, Sicily, Greece, and Malta. 

Asia: Asiatic. Turkey (Beirut, Jerusalem, Jaffa.) 

Africa: Egypt (Cairo and Kafir el Zayet), Tunis, Algeria, the Azores, Madeira 
Islands, Canary Islands, Cape Verde Islands, Dahomey, southern Nigeria, 
the Kongo, Cape Colony, Natal, Delagoa Bay, southern Rhodesia, British 
East Africa, Uganda Protectorate, Mauritius, and Madagascar. 


~ 
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Australasia: Western Australia, New South Wales, Victoria, and Queensland, 
northern New Zealand, and Tasmania. 
South America: Brazil and Argentina (Buenos Aires). 
North America: Bermuda Islands. 
Hawaiian Islands. 
MEDITERRANEAN REGIONS. 

The dates of the first discovery of the Mediterranean fruit fly in 
the countries bordering on the Mediterranean can not be used with 
precision in establishing a chronology of dispersion, since the pest 
may have been present many years prior to the first entomological 
observations recorded unless statements to the contrary are made 
in literature. Aside from our first record of establishment in Mau- 
ritius by Latreille in 1817, the earlier records refer to damage in the 
Mediterranean region. According to MacLeay this pest was well 
established in the Azores, Cape Verde, and Madeira Islands as early 
as 1829, and was the source of much injury to. oranges arriving at 
London from these islands., It was first recorded from Spain in 
1842, from Algeria in 1859, and from Tunis in 1885. Compere gives _ 
us our first records of its presence in Egypt at Port Said and in 
Asiatic Turkey at Beirut, Jaffa, and Jerusalem in 1904. During 
the same year, Cartwright records the infestation of oranges at 
Kafir el Zayet (Egypt) and four years later Froggatt found many 
infested oranges in the Cairo (Egypt) markets. Literature does not 
record the presence of this pest in Malta until 1890, although it was 
known to have become established there about 1875. In France the 
Mediterranean fruit fly was reared from apricots at Courbevoie, in 
the environs of Paris, in 1900, and by 1904 the fruit industry around 
Maritimes was ruined, according to Hooper. In 1916 the citrus 
crops in Attica (Greece) and Epirus (Southern Albania) were reported 


infested. 
AFRICA. 


Very little is known regarding the general distribution of the 
Mediterranean fruit fly throughout the great central portion of the 
African continent. While it is known to be a serious pest along the 
Mediterranean shores and to have spread into the southern portion, 
too few entomological observations have been made to warrant state- 
ments concerning spread throughout the more tropical regions. 
Graham in 1910 and Silvestri in 1913 state that it occurs in Dahomey, 
southern Nigeria, and the Kongo. Gowdey’s records from Uganda in 
1909 are the first from tropical East Africa, although Anderson states 
in 1914 that he had found C. capitata infesting coffee cherries in Brit- 
ish East Africa. In 1912 Jack lists C. capitata as abundant through- 
out southern Rhodesia, but Morstatt states definitely that the pest 
did not occur in coffee cherries in German East Africa during 1913 
and 1914. 

The first record of injury caused by the Mediterranean fruit fly in 
South Africa was made by Miss Ormerod in 1889; but, as Mally states 
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THE MEDITERRANEAN Fruit FLY. 


Fic. 1.—Three adults of the Mediterranean fruit fly ( Ceratitis capitata) about 
natural size, attempting to oviposit in an orange; note the relative size of 
flies and fruit. Fic. 2.—Ripe apple showing many punctures in the skin 
made by C. capitata in confinement. (Original.) 
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in 1904, it was introduced many years before. In 1893 Bairstow 
writes that he was familiar with C. capitata in South Africa in 1880, 
and that the Rt. Rev. Bishop Richards remembered damage done as 
far in the past as 40 years. In 1903-4 Fuller records C. capitata 
as one of the newly observed pests among the Natal orchards. It is 
not known whether the introduction in South Africa was by infested 
fruit from the Madeiras or by the gradual spread overland along the 
coastal regions, although the Madeiras seem the more probable source. 

C. capitata was first recorded from Madagascar during 1914, when 
it was found seriously injuring the peach crop. 


AUSTRALASIA. 


Western Australia.—The Mediterranean fruit fly was first recorded 
in literature as a pest in Australia in 1897 by Fuller, who states that 
it had been known to have been established in western Australia for 
about two years in Claremont and Perth and along the Swan River, 
especially at Guildford. According to Despeissis, the first report of 
injury in Australia was made to the Bureau of Western Australia in 
1894, which was, in his opinion, about one or two years after the date 
of its actual introduction. The pest has since been recorded from 
as far north as Geraldton and Northampton and as far south as 
Bunbury. 

New South Wales.—In New South Wales the Mediterranean fruit 
fly was first reared in 1898. French found that peaches imported into 
Victoria from Sydney were infested and notified Froggatt. Within 
a few days Froggatt was able to verify this record by rearings of 
his own from fruit supposed to have been infested by the Queens- 
land fruit fly- (Bactrocera tryont Froggatt). As Froggatt had been 
on the watch for C. capitata, it is probable that it became estab- 
lished about Sydney during 1898, although Rose, in 1897, states that 
in the northern part of New South Wales, at Warialda, peaches 
and nectarines had been nearly all destroyed in 1897 by a fruit fly 
first appearing about 1895 and identified by Froggatt as probably 
C. capitata. According to Froggatt, the pest has spread through- 
out all the citrus orchards of New South Wales to a greater or less 
extent. 

Victoria.—Editorial comment in 1907 states that serious infesta- 
tion of C. capitata had been recently discovered in the orchards in 
Goulburn Valley and farther west at Bendigo and at Horsham, and 
Froggatt is authority for its establishment at Albury and for the 
statement that it is present throughout the northern half of Victoria. 

Queensland.—There are very few references to the presence of 0. 
capitata in Queensland. Froggatt states, in 1909, that for a. long 
time it was believed that it was not to be found in this part of Aus- 
tralia, but that, while it might not be abundant, he had specimens 
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from Brisbane. Voller, in 1903, mentions Brisbane, Toowoomba, 
and Warwick as places especially subject to C. capitata attack. 

Tasmania.—The Mediterranean fruit fly became established in 
Tasmania about Launceston during the early part of 1899 and, ac- 
cording to Lea, attacked apples, pears, and peaches. As the ae 
of a meeting of the Tasmania Council of Agriculture, held on June 1, 
to discuss correspondence regarding establishment and methods of 
eradication, a vigorous clean-culture campaign was authorized, which 
apparently was responsible for the eradication of the pest. No cases 
of infestation have since been observed in Tasmania fruit. 

New Zealand.—Kark states in 1901 that the Mediterranean fruit 
fly had not, up to that time, appeared in any New Zealand fruit- 
growing district. Two outbreaks were later recorded,.at Blenheim 
and at Napier, respectively, but were reported to have been quickly 
stamped out by the destruction of the fruit and treatment of the soil. 
A third instance of temporary establishment in New Zealand was 
recorded in 1908 at Davenport. At present the Mediterranean fruit 
fly is not known to exist in New Zealand. 

Islands about Australia.—In 1904 Kirk states that he had never 
reared C. capitata from fruits received in New Zealand from the 
islands of Suva, Nukualofa, Vavau, Rarotonga, Mangaia, Heratine, 
and Samoa. 

BERMUDA ISLANDS. 

The Mediterranean fruit fly was not recorded from the Bermuda 
Islands until 1890, when specimens of infested peaches were sent 
Dr. C. V. Riley. It was known as a pest in Bermuda during the 
25 years previous, and is supposed to have become established about 
1865, when a vessel carrying a cargo of fruit from the Mediterranean 
region, bound for New York, was forced by severe storms to dischange 
her cargo in Bermuda. 

WEST INDIES. 

There are no known records of the presence of Ceratitis capitata in 
the West Indies. The fact that the Jamaica Botanical Department 
in 1900 published a bulletin on orange culture and diseases, by Borg, 
in which reference is made to C. capitata as a pest of the orange, has 
led some to believe that the Mediterranean fruit fly has become 
established in Jamaica. The subject-matter of this bulletin was 
originally presented before the Malta Archeological and Scientific 
Society and contains nothing to warrant the conclusion that the 
author was dealing with the subject except in a most general way, 
particularly as he speaks of the fly occurring only about the Mediter- 
ranean. 

Ballou, in an article published in 1913 on the prevalence of some 
pests and diseases in the West Indies during 1912, states that ‘‘fruit-_ 
fly’’ attacks were not so general in Dominica as in former years. 


The editor of the Review of Applied Entomology erroneously iden- 
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tified the “‘fruit fly’ as ‘C. capitata.”’ Ballou has since denied in 
correspondence that C. capitata was the insect in question. 


SOUTH AMERICA. 


Dr. L. O. Howard first identified the Mediterranean fruit fly from 
South America from specimens reared from peaches sent him by 
Dr. H. von Ihering m 1901. Compere, in 1904, and Lounsbury, in 
1905, found the pest in the States of Sao Paulo and Rio de Janeiro. 
In 1906 Hempel states that C. capitata was the most common of the 
fruit flies attacking peaches in Sao Paulo. 

In -writing of fruit culture in Argentina in 1905, Lounsbury states 
that peaches near Buenos Aires were badly affected by an unde- 
termined species of fruit fly which he thought likely to be Ceratitis 
capitata. Silvestri definitely records C. capitata from Buenos Aires, 
presumably as a result of this statement of Lounsbury. 


HAWAIIAN ISLANDS. 


The Mediterranean fruit fly was first observed in the Hawaiian 
Islands by Mr. D. T. Fullaway, who captured a living adult in the 
insectary at the U.S. Department of Agriculture Experiment Station 
on June 21, 1910. During the followmg September another adult 
was captured by Terry and Perkins on the laboratory windows of 
the Hawaiian Sugar Planters’ Association. Observations made in 
the field during September by Terry showed that the pest was already 
established in the Punchbowl! district of Honolulu on oranges and 
limes, and from that time new records of infestation were rapidly 
brought to light. By October, 1911, the pest had already become 
established on the island of Kauai, and was known to exist on Molokai 
at least by January, 1912, when it was first recorded from the Kohala 
district of the island of Hawaii. During March, 1912, specimens of 
infested coffee cherries were reported from the Kona district of 
Hawaii. The first records of establishment in the Puna district of 
Hawaii were made during March, 1913, when infested oranges and 
peaches were found at Naalehu and Hilea. Peaches were not 
reported infested in the Hilo district of Hawaii until the spring of 
1914, but soon after infestations were found throughout the Hilo 
and Hamakua districts. The fruit fly was found established on the 
Island of Maui by May, 1912. By July, 1914, the Mediterranean 
fruit fly had spread to every important island of the Hawaiian group, 
and at present is well established im every village and wild guava 
scrub examined by the writers. Judging from the rapidity with 
which this pest has soread throughout new districts in Hawaii, the 
writers agree with Ehrhorn that the pest secured its first foothold 
m Hawaii at Honolulu about 1907, although there are several well- 
informed horticulturists in Honolulu who believe establishment 
occurred even one or two years earlier. 
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SOURCE OF HAWAIIAN INFESTATION. 


There is little doubt that the Mediterranean fruit fly was carried 
to the Hawaiian Islands from Australia on one or more of the ships 
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fly was known to have become established about Honolulu, Compere, 
as a traveler between Australia and Honolulu, observed C. cagntata 


larve emerging from host fruits stored on the deck of his vessel and 


plying between the ports of these two countries. 
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pupating in the corners of the fruit containers and in secluded spots 
about the deck. It would have been quite possible for larve thus 
emerging to have completed their development during the days re- 
quired for the voyage between Sydney and Honolulu and emerged as 
adults while the ship lay at anchor at Honolulu within several hun- 
dred yards of host fruit trees. As the Mediterranean fruit fly did not 
become established about Sydney and the eastern portion of Aus- 
tralia until 1898-1907, its establishment about Honolulu between 
1907 and 1908 came as a natural sequence. ‘This is most forcibly 
brought to the attention of those interested in horticultural devel- . 
opment when they appreciate the frequency with which this pest has 
attempted to bridge the Pacific between Honolulu and San Francisco 
since its establishment at Honolulu, as indicated by the interception 
of infested fruit at San Francisco by officers of the Federal Horti- 
cultural Board. 


CONDITIONS FAVORABLE TO ESTABLISHMENT IN THE HAWAIIAN 
ISLANDS. 


CLIMATIC CONDITIONS IN HONOLULU. 


The climate of the littoral regions of Hawaii, and up te an elevation 
of 1,500 feet, is most favorable to the establishment and rapid increase 
of @. capitata. At Honolulu the temperature very rarely drops as 
low as 58° F., and then only for a few hours during one or two nights 
in the year. The data in Table I, taken from the monthly meteoro- 
logical summaries of the U.S. Weather Bureau at Honolulu for 1914, 
are given as a fairly reliable guide to the ranges in temperature 
throughout httoral Hawaii. 


TasLE 1.—Temperature and relatwe humidity at Honolulu during 1914. 


Relative hu- 


Temperature. midity. 
Daily range. Mean at 1 |Mean 
Month. a of 
Maxi-| Mini- ees Maxi-| Mini- Mean 
mui. vraxi-| Mini-| Aver-| 6a. | 2 p. | 9p. | and Tg lea A 

mum.jmum.| age.| m. | m. | m. |™mn1- 

mum 
. Sel eh OR SUES STR | Sab OF Ca Wi QIAL NIP @is\| I~ Gis || Ps Gis 
Janiianyee ee see Ae 78 60 18 6 | 10 67.4 | 74.0 | 68.9 |269.1 83 50 | 66.4 
Hebriatiyeas yy. 2 as $1 61 14 8 | 11.4 | 66.2 | 72.4 | 68.3 | 71.4 82 52] 70.9 
March 80 57 15 7 | 10.5 | 67.5 | 74.8 | 89.6 | 70.9 86 53 | 68.6 
82 60 15 7 | 10.7 | 68.6 | 75.8 | 70.9 | 72.5 81 §2 | 68.7 
83 66 14 6 | 9.4 | 72.6 | 79.9 | 74.6 | 74.3 82 56 | 70.1 
83 69 12 6 | 9.1] 74.0 | 80.4 | 76.0 | 76.6 80 58 | 68.8 
85 70 15 6 | 9.2] 75.2 | 81.5 | 76.3 | 78.4 81 62 | 69.6 
86 71 12 5 | 9.1] 76.0 | 81.4 | 76.8 | 79.0 80 58 | 69.2 
87 70 12 6 | 8.1] 75.9 | 80.6 | 77.0 | 78.7 85 62) 71.4 
October nee gee aT 83 67 14 7 | 9.4 | 73.6 | 79.7 | 75.1 | 77.0 74 60 | 68.0 
November. -..............-- 83 65 13 § | 10.2 | 71.4 | 77.2 | 72.9 | 74.6 85 52 | 70.5 
December. p20. eS 80 61 14 7 | 10.7 | 67.6 | 74.3 | 69.7 | 71.1 89 60 | 72.7 


1 Compiled from 1914 and 1915 data, taken from the 1916 Hawaiian Annual. 
~ 2 The normal mean for January is here, 
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It will be observed that the daily range is very small, averaging 
between 8 and 11 degrees, and that the normal monthly mean tem- 
peratures range between 70.9° and 79° F. In Table I are given the 
monthly and yearly means, together with the yearly maximum and 
minimum temperatures, recorded at different places on the islands of 
Hawaii, Maui, and Oahu, which, at their respective elevations, repre- 
sent the variations in range of temperature from that in Honolulu, to 
be found at poimts in Hawaii where host fruits are grown. 


Tasie II.—Monthly and annual mean and maximum and minimum temperatures of 
representative localities in Hawaii where host fruits of the Mediterranean fruit fly may be 
grown. ’ 


Monthly mean temperatures. Annual. 

| a | 
| B3/23 
Locality. == 
: 5 i g So\eo 
Sal Se eae sal Sal elas 
6 oS sets faa eee ar | all b> ted 
3 B Ps ir PE Zaha ul lpver BH] a lSolBo 
s /gle/slele/8/$/ 2/8/2181 8| 8 ges 

= —- 

A Slelsl(4lselelelalelioligzialse oe 
Island of Oahu: TCT Nid OO Nae 2 a Oy OA (ide OA fg 8 OY OA asl ray Ora) nhl ad Oral 
Honoluli. 2c 2. 234% 2349-558 111/70. 0/69. 7/71. 4/73. 3/74. 3/75. 3/76. 4/78. 176. 8|75. 2/74. 7/72. 4|74. 0} 85) 58 
Waist Malle ooo S52. eee 30)70. 4/68. 7/71. 072. 7/73. 4\74. 4/75. 877. 0/75. 9/73. 9172. 8)70. 5]73.0) 91) 55 
Wraianae £2525 zoe: be eee 671. 3/70. 4/71. 9/73. 8/74. 8)77. 3/79. 2:80. 0/79. 3/75. 5|74. 8/73. 2|75.1] 91) 52 
66. 6 65. 8/67. 4/68. 9/69. 8)71. 0/73. 0/74. 0/73. 2|71. 2/66. 4/68. 1/69. 6] 89} 51 
63. 6)64. 1/66. 3/67. 2/68. 0/67. 7/69. 3/70. 4/69. 1/68. 5/67. 4/65. 6 67.3) 84) 54 
70. 2'70. 4|71. 474. 0/76. 0/77. 3/79. 3/80. 0/79. 4/76. 5/75. 2/73. 0/75. 2) 92) 57 
68. 8 69. 2/69. 8'72. 2/73. 0'74. 1/75. 5!77. 4|75. 8/74. 0172. 8)70. 9/72. 8] 89! 56 
67. 2/67. 2/68. 6/69. 5/70. 7/70. 7/72 ae 2/72.4/71. 8]70. 4/68. 7/70. 4| 83] 57 
68. 4/68. 7/69. 4|70. 8/71. 3/72. 4/74. 0)74. 6/73. 8)73. 0/71. 4|69.6,71.4] 88} 55 
67. 6)67. 8)70. 1/71. 0/72. 3)72. 6/73. 4/74. 6,72. 8/72. 4\71. 2/69.0'71. 2) 90) 53 
50|67. 0/66. 6/66. 7/68. 8/68. 3/69. 4/70. 8/71. 2/70. 8/69. 4/68. 2/66. 2/68.6] 84] 51 
65. 2/65. 4/66. 4/68. 3/68. 6|70. 1/72. 6/73. 3/71. 7/69. 8/68. 8/66. 8/68. 9] 87] 50 
50/68. 6/68. 4/68. 7/71. 2/71. 2)72. 1174. 075. 2/74. 9/73. 0/72. 4/72. 0/71. 8) 91) 53 
Kohala Mill: i282 eee 270/68. 4/67. 9/69. 7/70. 9/72. 2/72. 6/74. 2/75. 2/74. 2/73. 171. 7/70. 2,71. 7] 86) 54 
Wialmea: 3. = 25. sence a 2, 720/58. 6)60. 462. 0/61. 9/61. 9/61. 8/63. 6 65. 1/63. 7/64. 2/61. 7/60.4.62.1) 80) 44 
Volcano House.........---- 000/57. 8/58. 6/59. 0/59. 6/59. 2/60. 1/60. 0,59. 2/59. 3)61. 0/60. 8/60. 4/59.6) 72) 42 


Biological work has shown that even the lowest monthly means of 
localities up to 1,500 feet elevation have little effect upon C. capitata 
other than to retard development somewhat. It is never cold enough 
throughout littoral Hawaii to render either the adults or the larve 
inactive. Asaresult there are no periods of the year at any Hawaiian 
port when the climatic conditions are unfavorable for the establish- 
ment or increase of this pest. Data presented later in the text indicate 
that a continuous temperature ranging between 58° and 62° F., or the 
lowest range of temperature usually experienced in littoral Hawaii, 
does not increase the normal mortality among the immature stages of 
the fruit fly, and that these stages withstand for short periods, with- 
out injury, temperatures lower than any recorded in Table II. The 
two stations, Holualoa and Huehue, at about 1,350 and 2,000 feet 
elevation, respectively, may be taken as fair examples of altitudes 
above which host fruits are only scatteringly grown, but at which the 
fruit fly has demonstrated its capacity to injure fruits seriously. 
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HOST CONDITIONS. 


Favorable as are the climatic conditions for the establishment and 
increase of the Mediterranean fruit fly in Hawaii, the host conditions 
are even more so. Mr. H. J. Quayle, who has studied fruit-fly con- 
ditions throughout southern Europe,-and Mr. J. C. Bridwell, who has 
had similar opportunities in western and southern Africa and in Aus- 
tralia, have stated to the writers that nowhere have they found host 
conditions so favorable for establishment and rapid increase as in 
littoral Hawaii, especially about Honolulu and Hilo. Under the sub- 
ject of host fruits, on page 24, the writers record 72 species of fruits 
growing in Honolulu that are subject to attack by C. capitata. The 
discussion of their susceptibility to attack, however, throws little light 
upon their numerical abundance or upon the seasons of the year 
during which their fruit is available for fruit-fly infestation. During 
the clean-culture campaign waged against this pest in Honolulu 
during 1913, data were secured which forcibly demonstrate the ideal 
host conditions found in Honolulu, making possible extraordinary 
increase and excessive infestations. The residents of Honolulu are 
justly proud of their magnificent vegetation and have taken great 
pleasure in growmg an unusually large assortment of trees and 
shrubs upon their town properties. An inventory of such trees and 
shrubs; that bear fruits subject to infestation, growing upon 60 blocks 
in that portion of Honolulu bounded by Liliha, Punchbowl, Beretania, 
and School streets, is given in Table III. 


TaBLeE I1T.— Number of host trees and shrubs of the Mediterranean fruit fly growing during 
1918 in that portion of Honolulu bounded by Liliha, Punchbowl, Beretania, and School 
streets. 


Lots | Trees | Lots | Trees | Lots | Trees Lots | Trees 
Block. in in Block in in || Block. in in Block. in in 

block. | block. | block. | block. block. | block. block. | block. 
il 19 81 16 18 90 31 7 19 46 9 160 
2 10 17 6 13 By 10 62 47 4 51 
3 10 105 18 5 20 | 33 5 10 48 15 217 
4 3 19 23 101 | 34 5 | 22 49 23 167 
5 16 137 20 12 48 35 5 9 50 6 111 
6 9 28 21 18 118 | 36 8 | 51 51 16 112 
fi 0) 64 22 7 59 | 37 14 134 52 9 41 
8 4 59 23 3 0 38 13 108 53 5 65 
9 6 18 24 | 14 75 39 41 115 54 14 83 
10 9 124 25 3} 8 | 40 12 74 55 23 112 
11 28 132 26 7 25 | 41 36 135 56 | 26 158 
12 6 163 27 4 | 42 17 76 57 12 37 
13 9 66 28 4 15) | 43 18 208 58 4 0 
14 9 66 29 9 42 44 24 144 59 124 
15 25 86 30 2 39 45 9 54 60 12 98 


Total number of lots in 60 blocks, 712; total number of trees, 4,610; average number of trees per lot, 6.5; 
average number of trees per block, 76.8. a 


From this it will be seen that there was a total of 4,610 trees and 
shrubs on the 712 lots under consideration, or an average of 6.5 trees 
per dooryard capable of supporting the fruit fly. In Table IV are 
given data indicating the relative abundance of different hosts. 
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Tasie 1V.—Number and species of host trees of the Mediterranean fruit fly growing in 
that portion of Honolulu covered by Table III. 


Apricotisessse.ic4s Ce Pee ee ee 201 | Mandarin........- 28 | Rose apple........ 25 
A-VOCACO.-.-ni52 6 = 653 | Guava, common. . 94) Mango...- 2-2-2... 1,154 pele earn 5 
Breadfruit .......- 58 | Guava, strawberry 73 | Mangosteen... .--. 7 | Sapota............ 30 
Carambala.......- 48 | Java plum........ 80 | Mountain apple... 41 | Soursop........... 57 
Chinese inieberey.- 6 | Kamani, ball. .... 4 | Mock orange....-. 33 | Spanis: Gere. 1 
Chinese orange. - 148 Kamani, Mba rag 13 | Orange, sweet.... 372 | Starapple........ 4 
Coffee. .21: bse 2. 298 Kumquat.. - 4| Papaya.:....2...- 687 | Surinam cherry.. 63 
Coffee, Liberian... S| Demons. a5. -.5 22,| ReaGhi. eeeee ets GO oe er 19 
Cotton -c.wsrs). 23 I iphicheersecsdcer cys 40 | Pear, Bartlett..... 2| Waiawai.......... 60 
Custard apple....- 1 Be Me ba Banh a he ai 10 | Pomegranate. . --- 128 

Damson plum. . 4 | boquatis =: - ee, 33 | Pomelo.........-. 15 Total..:2.5 4,610 


In Hilo, island of Hawaii, host conditions are quite as favorable for 
fruit-fly development asin Honolulu. Thus the following numbers of 
host trees and shrubs were found in certain yards of Hilo durmg 
March, 1914: 


YARD 1. YARD 2, YARD 3. YARD 4. 
1 Rose apple.! 2 Surinam cherry. 11 Rose apple. 4 Peach. 
4Surinam cherry. 2 Papaya. 2 Mango. 6 Mango. 
2 Japanese plum 1 Thevetia. 3 Thevetia. 1 Loquat. 

6 Mountainapple. 2 Orange. 1 Avocado. 3 Winged kamani. 
1 Star apple. 2 Strawberry guava. 2 Surinam cherry. 
34 Coffee trees. 14 Coffee. 1 Strawberry guava. 

20 Common guava. Bananas. 

15 Brazilian banana. 2 Avocado. 
4 Avocado. 1 Peach. 
3 Mango 3 Fig. 
2 Papaya. 2 Mountain apple. 
5 Orange 2 Lichee nut. 
1 Peach. 3 Common guava. 
1 Grape. 


1 Winged kamani. 
1 Mangosteen. 

1 Fig. 

1 Mimusops. 


There is no time in Hawaii when fruits are entirely out of season. 
The fact that several hosts, such as the Chinese orange (Citrus 
japonica), Surinam cherry (Eugenia michelw), and mock orange 
(Murraya exotica), bear several crops a year, while others, such as 
certain specimens of ball kamani (Calophyllum inophyllum) (PI. V1) 
and winged kamani (Terminaha catappa) (Pl. XTX), appear to be sel- 
dom entirely free from ripening fruits, assures food for the fruit fly the 
year round, 

The succession of fruits is also increased by the individuality of 
trees of the same species, or even of certain branches of a single tree, 
_ which results in a very uneven ripening of the fruit. While the data 
in Table V do not indicate the seasonal abundance of host fruits, 
they have been summarized from the collections of clean-culture 
inspectors made during 1913 to show the remarkable succession of 
host fruits found ripening in greater or less quantities throughout 


1 For scientific names of fruits see section on host fruits, p. 24. 
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RELATION OF FLORA OF HAWAIIAN ISLANDS TO THE MEDITERRANEAN FRUIT FLY. 


Fig. 1.—Men grubbing out a guava scrub which has taken possession of pasture land. Many 
thousands of acres are thus overrun in Hawaii and furnish excellent breeding grounds for 
the fruit fy. The ripening fruits fall into the dense grass and the larvee within them develop 
unmolested by the heat of thesun. Fic. 2.—Thickets of guava bushes often crowd upon 
the country roads and ripen tons of fruit. This fruitis gathered by pedestrians and autoists 
and carried to all parts of the islands, thus becoming a medium for the wide dissemination 
ofthe pest. (Original.) 
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THE MEDITERRANEAN FRUIT FLY. 


Fic. 1.—A dense forest growth of the mountain apple (Jambosa malaccensis) near Hilo, which i} 
illustrates one of the many strongholds in Hawaii that the fruit fly found favorable to its | 
thorough entrenchment. Fig. 2.—Rose apple trees ( Hugenia jambos). While the fruit of this ' 
tree ripens chiefly during the months of March to May, afew may be found beneath trees at i 
any time. Fruits of both the mountain apple and the rose apple are among a class of host 
fruits that are carelessly taken on board ships by tourists, in whose possession they have 
Conk ae by the officers of the Federal Horticultural Board at San Francisco. 

riginal. 
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THE MEDITERRANEAN FRUIT FLY AND THE COFFEE INDUSTRY. 


Fic. 1.—Coffee plantation on the Kona slopes of Hawaii. Fic. 2.—A fruiting branch. 
Fic. 3.—Low type of coffee tree. Fic. 4.—Coffee cherry cut to show the two large 
beans which are of commercial value, and the very thin outer pulp. This pulp is the 
only portion of the cherry eaten by the fruit-fly larvae. Note that the well-grown 
lary illustrated feed so close to the papery epidermis that parasites have no difliculty 
in ovipositing in them. Thousands of acres are densely planted to coffee on the island 
of Hawaii and offer food for the fruit fly the year round. (Original.) 
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the year in Honolulu. The presence of so much ripening fruit, 
coupled with the favorable climatic conditions and the hardiness of 
the fruit fly itself, has made the establishment of C. capitata and its 
multiplication a most easy problem within the city limits. 

While the fruit fly finds host conditions most favorable within the 
city limits, because of the large number of host trees and shrubs, 
some of which are bearing at all seasons of the year, it has been able 
to establish itself and multiply in the country, often miles from towns, 
in some one or more of its hosts which have escaped cultivation, 
and to have spread over uncultivated and uncultivable areas. Of 
such hosts, the common guava (Psidwum guayava) is the most 
abundant. It has taken possession of the roadsides, pastures (PI. I1), 
vacant town lots, mountain gulches and hillsides, and even crevices 
in precipices, from sea level up to 1,500 feet elevation. So easily 
does this plant grow from seed, and so thoroughly distributed are 
its seeds by cattle, birds, and man, that it is seldom that a bush can 
not be found within a stone’s throw. In the lowland pastures and 
mountain gulches up to an elevation of at least 1,300 feet, particularly 
when sheltered from strong winds and well watered, the guava may 
become very treelike and form dense thickets (Pl. III). At higher 
altitudes, and in wind-swept or arid areas, it may remain a low, 
scrubby bush. While the guava fruits most heavily during the 
spring and fall months, the bushes are continually blooming 
and ripening a sufficient number of fruits to support the fruit fly 
every month in the year. The writers are depending upon the illus- 
trations to acquaint the reader, as words can not, with the well- 
nigh universal distribution of this host and the wonderful oppor- 
tunities it offers C. capitata for easy establishment and thorough 
intrenchment. 

Second to the guava as a host occurring in wild, uncultivated areas 
is the prickly-pear cactus (Opuntia vulgaris) (Pl. XVII). While the 
fruits of this plant are not preferred by the Mediterranean fruit fly, 
they are sufficiently infested in the absence of more favored hosts to 
serve as food, and, as in the case of the guava, there is almost no 
time during the year when a few ripe fruits may not be found in any 
cactus scrub. 

Other host fruits, wild or escaped, are not so universally distrib- 
uted. As a few of the many examples, there may be mentioned a 
grove of ball kamani trees in an isolated valley on the island of 
Molokai, gulches overgrown with the passion vine (Passiflora sp.) 
and the damson plum (Chrysophyllum oliviforme) on the island of 
Maui, the thickets of winged kamani growing along the windward 
shores of the island of Oahu, and the wild coffee and mountain apple 
(Pl. IV, fig. 1) in the forests of Oahu and Hawaii. 


1 Stunted bushes have been observed at 4,000 feet elevation. 


—_ 
ts 


ectors of the clean-culture campaign in Honolulu collected various fruits infested by the 


Mediterranean fruit fly.! 


insp 


V.—Data indicating the seasons of the year when 


TABLE 


BULLETIN 536, 


“TE-#2 "02 | 


“IZ-9I “00 | 

"bI1-6 ‘oa | 

“L-@ 00 | 

"0-62 “AON | 

 *8-RT “AON | 

"9I-IT “AON | 

“6-1 “AON | 

"T “AON-2Z "200 | 

"6-02 “200 | 

"SI-€1 "20 | 

‘IL-9 "20 | 

“"p900-62 “3dag | 
"2@-@e “4dag 


“0Z-ET “3dag | 
"E1-8 “4dag | 
"9-1 “adag | 

"0g-Gz “Sny | 


nH 
HR 
nw 
Kn 
‘Kw 
thw 
thw 
iw 
‘HH 
KKH 
tnx 
thw 
KKM 
KKK 
nwa 
KKK 
KKH 
Kw 


U. S. DEPARTMENT OF AGRICULTURE. 


x 


TKK KKK HAM KKK KKK TKK RK 


WK SKM K TKK MK OOK KM RK OK 
KAR KKH DAK KK OOM IMM SKK KKK 
KTH K KKK KKK KKK KK AM EK PKK 

WH iAH MMMM PPR aE 


x 


‘HA THK TKK KM AK Oe 
THEA MKK EMMA DK OT 
tHK KKK DK HA KK KKK 
iH SMM AMM MK OK OOH 
iHtM KKK 
iA bie KKH 


xX|xX|xX 


seeleceleeelene 


MMMM MH 
tMothM UMMA DM RMA 
tH 


AMM KAKA 


tMHK THK M KK: 


iM Ob KKM KK 
ee 


coclece! KX fowcfesclace|ecclece|ecslece|cvclcce 


x|/xX/xX 


. 
. 
. 
A 
. 
. 


HW tM MMR KK 
thotKK IMM 
MH iK 
KH IKK EMM 
tHoIK MK AK 


Tae 


KKK KKH 
THEM tM KK KKK 


"ez-Q1 “Sny | 
‘9-11 ‘3ny | 
‘6-4 any | 


| 


nw 
nA WK 
nna 


DKK KK SE 


tHn KE Asie er ; 
iMotMM ba CHR KKK 
‘MH SHRM HMMM 


HW IKK KM KKK 
WK TAM TMK OM EM MA 
tH MS TMA MK 


tHotM EMMA KM KK 


‘Zsny-gz Ame | 
“9z-1¢ Aqne | 
“6I-FI1 Ame | 

‘g1-2 Aqne | 

-¢ Aqne-og oung | 


KK 


iA MAM EM EMM OOK AK OM IM MRK 
DH IM EKKO PM EM PKA OOM OM EM RK 


"ge-€¢ oune. | 
"Iz-9T oun | 
*pI-6 oung | 

"L-~@ vung | 
"Te-9¢ Avy | 
"FG-61 Avy | 
“LT-@1 Ae | 
“OI-S Ae | 


TA TAM SAK IK IKK DAK OS MK SHARK Ka 
tM EMM TM eM EK AK ORK ODM EK 
THOM K EEK KKK KH OM DMA MMR 
a i i 
Mot IMM TM DMM OM AH fF OM Ona OKA 


'HAHK HK KKH 
Pe babe nie 
‘HHA K AH 
HHH KKK 
TAR HAA KA 


Pe iesdadts its teeta 
‘Hh oIA MAKE 


| +g Auge ady | 
"9¢-1z “1dy | 


AK AKKMKK DKK KAKA 
HAMM COMM HW OK AK R RM 
HMMM KK IKK MAK 


‘AKA AK 
WH IMAM KK 


"6I-F1 “Idy | 


Sr 
“gady-Té “18H | 


"62-Fe “Ie | 
"ZE-LI “IEW | 
“CL-O1 ‘1ey | 


’ 
’ 
. 
' 
. 
. 
. 
. 
. 
’ 
. 
. 
’ 
. 
. 
’ 
’ 
. 
. 
. 
’ 
. 
. 
. 
. 
. 
' 
. 
. 
. 


WAM KOK M OK AK KRM 
WH bHMK KKH OMAK KKK 


HHH KKHKH 
1H IM HM HH 


x) xX 


tH SKA KAKA AK KK 


HW tKhK IKK IKK AH 


SHR KAM IKK KH OK 


WKH KM EK TAK THK KK TA MM MH te 
HIM MM KKH OM MH MMH DMM MRR es 
WWM KKH OM KM MMR CM RA oe 


‘gee | tnx sich shslatalatctalalaictcialciiitelal.s itis st<ice 
‘TURN F907 | KKK TKK KK KKK KAR KKK IK KKH 
LTR | PHA SHH KK THM MMMM RHR OM OR ee 
‘CT-Ol'G0d | HK THK KM KH KKM KWH OAM KM ORR te 
S-E°0q | tHM tH KH DMM CRM AMR RRM OM 
‘T"(eq-le "uel | KKA SHHK KKK KH KR MMM He Pe Rt 
"G2-0G UCL | KK HK KKK KKK KKK KKK KHADR fet 
‘gT-eIuee | tHH $HKKKKHM KKK KK PHM THe MR 
‘TIT'Utel | KA LARK KKK KK SAK AK AK IK Da th K Kt 
ee te Ae re 
wit eglel ele by st cE SGC els BOT a lathe ablel staph meaner og 
phe Er Sith tamod 2 hotels eg oe te tear 
= eFC 

a (a eh ~~ + cpa yal fartie 9 aD 
2 SSSR SS A ee ise iit eg iad ieee 
i See ic8e dee SoS ss ehh a Sadao 
OR aerAogs :ar =i | Soak o SA 20USs as 
| SBE Cosas  Sahbsoaes das aogy Baes = 
BERR POSHMR BEERS ROOK SS OR OSSS oS oe 
| 4600 CAnmCOoMRAA aS SORA AA mamas Mar 


\ 


1 This table is not intended to indicate the seasonal abundance of host fruits. 
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In addition to the wild fruits in country places, the fruit fly finds 
strongholds in the many, and often very isolated, native-home sites 
scattered throughout the littoral regions. About these may be 
growing the mango (Pl. XII), rose apple (PI. IV, fig. 2), orange, peach, 
avocado, ball and winged kamanis, etc. In the Kona district of the 

-island of Hawaii there are large areas containing thousands of acres 
of coffee under cultivation (Pl. V) in which the fruit fly finds food in 
the pulp of the ripening cherries at all seasons of the year because of 
the irregularity in blooming and the long harvesting season due to 
the varying altitudes at which coffee is grown. 


ECONOMIC IMPORTANCE. 


The economic importance of the Mediterranean fruit fly as a pest 
of fruits varies with the climate of its habitat. Thus in France, 
near Paris, where it has been known to attack apricots, pears, and 
peaches, it has not become a serious pest because of climatic checks, 

-and such checks to the severity of its attack have been noted in 
portions of Australia and South Africa and would be operative in 
continental United States, except in parts of California and of the 
Southern States. On the other hand, in tropical and semitropical 
climates this fruit fly is capable of becoming a pest of prime impor- 
tance and, as in the Hawaiian Islands, may be classed as the most 
important insect check to horticultural development. <A study of 
the fruits infested by this world-wide pest shows that practically 
every fruit crop of value to man is subject to attack. Not only is 
the Mediterranean fruit fly of importance as a destroyer of fruit, but 
it is the cause of numerous stringent quarantines which cost the State 
and Federal governments much money to make effective, and rob 
countries of good or prospective markets for their fruit. Fortunately 
it has been found that the Chinese banana (Musa cavendishi) and the 
pineapple (Ananas sativus), the two most valuable species of fresh fruits 
formerly exported from Hawaii, offer so little danger as carriers of the 
Mediterranean fruit fly when they are packed for shipment that this 
part of Hawai’s export trade with the coast may still be carried on, 
provided the inspections of the Federal Horticultural Board now in 
force are continued. The necessary quarantine against all other host 
fruits, however, particularly against such fruits as the avocado and 
mango, two fruits which can be grown very well in Hawaii, has had, 
and will continue to have, a serious effect upon horticultural pursuits 
and the development of the small farmer. 

At the present time the infestation of edible fruits in littoral 
Hawaii is general and about as severe as could be expected. Aided 
by the melon fly (Bactrocera cucurbitae Coq.), the Mediterranean fruit 
fly has effected a most serious and permanent check upon the horti- 
cultural development of the Hawaiian Islands unless a successful 
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method for combating it is developed. In the Bermuda Islands the 
peach industry has been a ruined one for many years. MacLeay 
and Westwood wrote, during the early part of the nineteenth century, 
of the increased cost to the inhabitants of London of citrus fruits 
imported from the Azores as a result of fruit-fly attack. Lounsbury 
and Mally, of South Afriea, consider C. capiiata one of the greatest 
drawbacks to the development of the fruit industry in Cape Colony, 
and have stated that during certain favorable seasons large areas 
of apricots, figs, pears, plums, apples, and quinces were almost 
all affected. Hooper, writing from Southern France, states in 1904 
that, as a result of fruit-fly attack, what was once an important and 
lucrative industry was at that time little more than a haphazard 
traffic in fruit casually produced. In 1903 Compere found that peach 
growing about Barcelona, Spain, had been so demoralized by fruit-fly 
attack that few trees were being grown and that the market was 
supplied by fruit from the Balearic Islands, while at Cadiz the fruit 
merchants no longer cared to handle peaches owing to the fact that 
they were badly infested. At Malaga, according to Compere, the 
bitter Seville oranges are seriously affected. Wickens, writing in 
1913 in Western Australia, states that the fruit industry there was 
suffering not only directly as a result of the actual loss of fruit in- 
fested, but indirectly through the restricted plantings in districts 
where the fruit fly was abundant. About Perth, where late peaches 
can be grown to perfection, very few are being cultivated; instead, 
many trees have been cut down. Other instances of damage caused 
to citrus crops in southern Europe, South America, Africa, and 
Australia might be added which would impress one, unfamiliar with 
the ravages of C. capitata, that it is a very serious pest. Its economic 
importance is so great that every effort should be taken to prevent 
its establishment in new territory. 


INJURY. 


NATURE OF INJURY. 


The injury caused by the Mediterranean fruit fly is confined to the 
fruits of the hosts attacked. The foliage, stems, and roots are not 
attacked so far as investigators have been able to determine. No 
better idea of the nature of the injury caused by the fruit fly can be 
gained than from an examination of the illustrations. The larvie 
hatching from the eggs deposited just beneath the epidermis burrow 
their way throughout the pulp and, as they develop, cause by their feed- 
ing, and through the development of fungi and bacteria, decayed areas 
which vary in extent according to the age and number of the larvee 
and the ripeness of the host. Since the larve most frequently burrow 
at once to the pit or core of the fruit, they are able to feed for some 
time before their work is evident from the surface; thus peaches and 
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oranges may be quite thoroughly devoured within and yet maintain 
a fairly normal appearance externally. In rapidly growing fruits, 
or those oviposited in while they are still too green to support larval 
growth, slight deformities are developed which injure the appearance 
of the fruit. In lemons, oranges, and grapefruit which have been 
provided so well by nature to withstand fruit-fly attack, the rind may 
become badly infested with eggs and young larve, while the pulp 
remains edible. The breaks in the skin made by the female fly in de- 
positing eggs, however, affect the shipping qualities of such citrus fruits 
and, from this commercial aspect, may cause an injury the nature of 
which is quite as serious as is any to the pulp i 


EXTERNAL EVIDENCES OF INJURY. 


There are always external evidences of infestation, but these are 
often so inconspicuous that they are overlooked by the average 
person. The eggs are deposited by the adult through a break, no - 
larger than a pin prick, made in the skin. While these punctures 
are readily discernible under the hand liens as soon as made, there is 
nothing about them to attract attention. Soon after oviposition, 
however, the tissues about the egg cavity begin to wither and 
there develops about the puncture a discolored or sunken area in the 
skin. In certain hosts the immediate area about the puncture may 
remain green long after the remainder of the fruit has turned yellow, 
as in the loquat (Eriebotrya japonica), or red, as in the strawberry 
cuava (Psidiwm catileyanum). In green oranges the fruit may turn 
yellow about the puncture while the rest of the fruit remains green. © 
Such tender-fleshed fruits as the ripening Surinam cherry (Hugenia 
michelii) may develop sunken areas without discolorations. Often 
filaments of clear gummy excretions exude from punctures made in 
peaches, lemons, and grapefruit. Punctures made in green star 
apples (Chrysophyllum cainito) are usually marked by exuding white 
latex which dries about and over the puncture. Punctures made in 
quite green winged kamani nuts (Terminalia catappa), in which no de- 
velopment of larvee occurs, are marked by depressions in the flesh due 
to permanently arrested development at the punctured point. 
Oviposition or attempted oviposition in bananas and partially ripe 
mangoes.is followed by exudations which run down the sides of the 
fruit and dry as a dark stain. The evidences of early infestation 
such as have just been mentioned are too numerous to warrant de- 
scription. No one host responds to infestation exactly the same 
each time; much depends on the degree of ripeness at the time of 
attack. There may be no gummy exudations from peaches or citrus 
fruits, and there may be no development of discolored areas in any 
of the host fruits. Avocados seldom give evidence of infestation by 
any external mark except the puncture in the skin. Fruits already 
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ripened when infested show none of the usual signs of attack until 
the larve have begun to work. It is due to this failure of fruits to 
record their infestation by some external sign, other than the incon- 
spicuous puncture, that so much fruit is purchased as sound in the 
markets, or shipped from orchards, or taken on board ships. 

As the larve hatch and begin their work of destruction within the 
host, the signs of infestation increase rapidly. The sunken areas 
about the punctures of tender-fleshed fruits may increase until the 
entire fruit has a collapsed appearance. 

In all fruits well infested within there is a ‘‘give” to the area be- 
neath the puncture, indicating destroyed tissues beneath. In hard- 
fleshed fruits such as some varieties of apples (Pl. XI, fig. 2), pears, 
and quinces there may be no external evidence of larval work except 
a ring of dark decay about the puncture, and yet the outer portion of 
the pulp alone may be unaffected. Peaches are often thoroughly 
infested within and still maintain their normal shape and give eyi- 
dence of infestation only by a dull and slightly darkened color of the 
skin. A hole in the rind, no larger than the lead of a pencil, from 
which juice exudes when the fruit is compressed, may be the only 
indication of infestation in oranges and grapefruit, although rings of 
decay usually develop in infested citrus fruits contaming numerous 
larve. Fruits of the elengi tree (Mimusops elengi), which have an 
orange shell-like exterior (Pl. VIII, fig. 2), may appear normal, but 
on being broken open are found to be literally packed with well- 
grown larve. It is never possible for the average man to examine 
~ casually any host fruit and state conclusively that it is not infested. 


METHODS OF SPREAD. 


There are numerous records on file which demonstrate clearly 
the methods by which the Mediterranean fruit fly is spread, not only 
between widely separated countries, but about land areas. The 
development of rapid transit and cold storage and the increase in 
tourist travel have been the greatest factors in dissemination in more 
recent times. Geographical isolation is no longer a protection 
against introduction, as has been proyed almost monthly by the 
interception of fruit flies at the ports of entry of the Deere States 
by the agents of the Federal Horticultural Board. 


SHIPS. 


The unrestricted consignments of fruit and ships’ stores have 
been responsible for much of the spread of (. capitata between coun- 
tries. MacLeay, as early as 1829, records the importation at 
London of cargoes of oranges from the Azores that contained larve, 
and Middleton, in- 1914, states that in the same city hundreds of 
larve and pupz are imported every year from Spain and destroyed 
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in the manufacture of marmalade. The establishment of (. capitata 
in both the eastern and western parts of the Australian continent 
is traceable to the development of cold storage and rapid ocean 
transportation which made possible the large exports of citrus fruits 
from the Mediterranean region to Australia. Kirk records the 
receipt at Auckland, New Zealand, of a case of peaches from Cape 
Colony which contained living larve, although they had been en route 
in cool storage for four weeks. The same writer intercepted 47 cases 
of infested apples at Wellington, New Zealand, imported from New 
South Wales. Lea, in 1908, states that larve of C. capitata were 
seen in numbers every year in fruit imported into Tasmania from 
Sydney. The establishment of this pest in the Bermudas and South 
America is beyond doubt the result of the importation of infested 
fruit from Mediterranean regions. Increased knowledge of fruit 
flies and the quarantines in force in several countries now make the 
introduction of this pest in consignments of fruits less likely. 

The vigilant work of the quarantine officials at the Pacific ports of 
the United States, however, demonstrates the grave danger that still 
exists of introducing the Mediterranean fruit fly in ships’ stores. 
Instances of the discovery and destruction of the pest in fruits in 
ships’ stores on vessels entering the port of San Francisco during the 
past four years are recorded in the reports of Frederick Maskew, 
chief quarantine officer of the California Horticultural Commission 
and collaborator of the Federal Horticultural Board. 


TOURISTS. 


The desire on the part of tourists to carry to their friends at home 
specimens of exotic fruits is at the present time the most lhkely 
avenue for the introduction of this fruit fly into California as well as 
the southern United States. - This has been clearly proved not only 
by the large variety of host fruits offered for inspection at Honolulu, 
but by the interceptions at the California ports. To the quarantine 
officer the tourist is a difficult problem. Fruits carried in containers 
are easily observed, but smaller fruits are found with difficulty. 
Strong, in 1913, discovered in the overcoat pocket of a tourist landing 
at San Francisco infested nuts of the winged kamani (Terminalia 
catappa), which were intended for planting in southern California. 
In lke manner infested coffee cherries were found at Honolulu in the 
pocket of a gentleman about to sail during February, 1916, from 
Honolulu direct to San Pedro, Cal. 


DISSEMINATION ON LAND BY PUBLIC AND PRIVATE CONVEYANCES. 


On land, railroads, automobiles, hawkers’ carts, carriages, ete., 
are all responsible for much spread. The fact that host fruits only 
slightly infested appear normal to the average man leads to the pur- 
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chase by the traveling public of much fruit which later, when found 
to be infested, is discarded, often many miles from the point of origin. 
Bairstow as long ago as 1893 records the selling of infested apricots 
by native girls to passengers on trains about to leave for interior 
points of South Africa. The spread of the pest in Australia has 
been most rapid along the railroads. French, in 1896, states that 
peaches imported by rail into Victoria from Sydney were infested 
and Newman states that in Western Australia many instances have 
come under his observation in which infested fruits thrown from the 
windows of coaches of both suburban and country trains were re- 
sponsible for introductions into districts previously free from attack. 

In the Hawaiian Islands the spread from village to village and from 
island to island unquestionably has been hastened by the habit of the 
poorer population of carrying small lots of fruit in their travels, either 
for food while en route or as presents for their friends. Much of this 
fruit is more or less infested, and when an attempt to eat it proves the 
interior to be infested and unpalatable, it is discarded either along 
the road or at the point of destination. The inspection service of the 
Hawaiian Board of Agriculture has shown that even the most stringent 
regulations have not prevented the movement of infested fruits 
from point to point by man in automobiles, in carriages, or on foot. 


POSTAL AND EXPRESS PACKAGES. 


The interception at Washington, D. C., by officers of the Federal 
Horticultural Board of a package from Mexico containing a living 
pupa of the papaya fruit fly ( Toxotrypana curvicauda Gerst.) attached 
to an unknown vine, and of a living adult of the olive fruit fly (Dacus 
oleae Rossi) and a dead adult of another species of fruit fly, apparently 
Dacus semispharens Becker, in a package of olive seed, 28 days after 
it had been mailed in South Africa, indicates the possibilities for 
spread by means of parcel post. The persistency with which unin- 
formed persons insist upon including among bananas and pineapples 
intended for shipment by express from Hawaii to the mainland 
United States small contraband host fruits has demonstrated fully 
the danger of express packages as carriers of C. capitata. 


NURSERY STOCK. 


A fruit-fly pupa (species unknown) was found at Auckland, New 
Zealand, in the soil about the roots of a plant imported from Australia. 
Newman. has called attention to the danger of spreading the fruit fly 
in the pupa stage, in the soil about the roots of nursery stock grown 
beneath host fruit trees. 

PACKING MATERIALS. 

Larve developing in fruits packed in wooden crates or in bags 

often pupate against the sides of such containers. Second-hand 
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packing crates and old burlap, etc., recently used as containers are 
apt to carry the pest and should be guarded against until experience 
for the locality and temperature concerned has proved that the 
adults have emerged. Certain instances of spread in western Aus- 
tralia are believed to have occurred through carelessness in the use 
of second-hand packing cases. In Hawaii, Hilo grass (Paspalum 
conjugatum), gathered from beneath guava bushes (Pl. XIV, fig. 1, in- 
sert), was discontinued as a packing material for bananas for fear, 
pupe of the fruit fly attached to it might reach California. 


COLD STORAGE. 


While cold-storage temperatures may be used to render fruits free 
from danger as transporters of the fruit fly (see p. 108), the use of 
temperatures fluctuating above 38° F. may be one of the greatest aids 
in prolonging the duration of fruit-fly life within host fruits. 


WIND. 


That adult males of the Mediterranean fruit fly can be carried by 
the wind distances varying from one-fourth to 14 miles from points 
of liberation has been demonstrated by Severin, who states further 
that im all probability some of the flies which he had set free at the 
head of Manoa Valley ‘‘were caught up and carried far into the city 
of Honolulu, or even away beyond into the sea, miles away from the 
points of liberation.” The writers agree with Severin as to the 
ability of winds to carry adults considerable distances. The dis- 
covery by Mr. H. T. Osborn of an adult upon the summit of Kona- 
huanui (elevation 3,105 feet), the highest peak of the range separating 
the windward and leeward sides of the island of Oahu, and at a con- 
siderable distance above the highest range of host plants, makes it 
easier for the writers to believe that the few adults which they 
captured in traps in the scant vegetation on the leeward shore line, 
and at considerable distances from known sources of infestation, 
during very windy weather, were specimens caught on the windward 
side in strong ascending air currents and carried entirely across 
Oahu. There is no doubt that the adult on Konahuanui observed 
by Osborn was transported thus from the lower windward levels. 


HOST FRUITS. 


The writers know of no edible fruit commonly grown in the 
Hawaiian Islands, except the pineapple, that is not subject to attack 
by the Mediterranean fruit fly. From a practical trade standpoimt 
the banana should not be considered a host when grown and shipped 
in accordance with the regulations of the Federal Horticultural 
Board. 
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No infestation has been found in pineapples (Ananas sativus), 
banyan (Ficus indica), pride of India or chinaberry (Melia azedarach), 
noni (Morinda citrifolia), jujube (Zizyphus jujuba), mulberry (Morus 
nigra), tamarind pods (Tamarindus indica), wine palm (Caryota 
ureus), Ixora coccinea, Canarium commune, Sideroxylon sandwichensis, 
mammee apple (Mammea americana), durion (Durio zibethinus), 
Cape gooseberry or poha (Physalis peruviana), ohelo berry (Vaccinium 
reticulatum), kukui nut or candlenut tree (Aleurites moluccana), 
night-blooming cereus (Cereus triangularis), and jack fruit (Artocarpus 
integrifolia). 

PINEAPPLE. 

The pineapple (Ananas satiwus) is not a host fruit of the Mediter- 
ranean fruit fly in Hawaii. Negative data are given here because 
of the persistent reports that this fruit is subject to fruit-fly attack. 
Ilingsworth reared the pineapple fruit fly (Dacus zanthodes Broun) 
from pineapples in Fiji in 1913. In 1904 Kirk states that he had 
reared only the Queensland fruit fly (Dacus tryona Frogg.) from pine- 
apples exported from Queensland into New Zealand. In 1908 Kirk 
again states that Dacus xanthodes was commonly found in pineapples 
and oranges frowi Fiji and Rarotonga entermg New Zealand. 
Gowdey, in 1913, reports rearmg C. capitata from pineapples in 
Uganda, British East Africa. So far as the writers are aware no 
data have ever been published from careful experiments to determine 
the true status of the pineapple as a host fruit, and the writers know 
of no positive evidence that C. capitata has ever been reared from this 
fruit. 

It is certain that during a period of over three years not one of 
seven entomologists in Honolulu has succeeded in rearing adults 
from this fruit. Fullaway, of the United States Experiment Station, 
obtained negative results from fruits placed in a large cage. The 
market and plantation inspectors of the Federal Horticultural Board 
have brought to the office during the past three years many partially 
decayed fruits, but no fruit flies were reared from them, although 
many decay flies were. Although pineapples are grown profitably 
only under the best horticultural conditions (Pl. III), none of the 
developing fruits are sufficiently isolated from other varieties of host 
fruits affected to warrant the belief that adult fruit flies are not 
present in large enough numbers to infest each fruit were the pine- 
apple susceptible to infestation. 

In an attempt to force an infestation within the laboratory, 50 ripe 
pineapples were placed either singly or by twos in large glass jars con- 
taining from 300 to 500 adult flies in a mature egg-laying condition, 
and allowed to remain with the flies from 2 to 4 days. The pineapples 
were then removed and placed over sand in covered jars. No flies 
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were reared from the fruits. The flies readily deposited eggs in apples 
placed with them both before and after exposure of the pineapples. 
A record of the time each of. the 50 fruits was exposed is as follows: 


TasLe VI.—Nonsusceptibility of pineapples to the attack of the Mediterranean fruit Sly. 


Number of 


Number of 
fruits |P ates Leeper to | “fruit flies 
exposed. reared. 
DS ae EN Octyi14=lor ya eae 
CY pal Oct salse aes 
1 he ea et 1S pas aed c ee He 
Pee Sees et. 23-24. 0. 22. 
Gree) Oct 2700: a as None. 
LO eke Oct. 30-Nov. 2 
TQS ee INDVn0= face aes 
1G = Ces Nov. 9-11... ......-- 


During July 18-20, 1913, a very ripe pineapple was hung in a jar 
containing flies. An examination of the fruit after this two-day 
exposure revealed 2 punctures in the pulp containing respectively 
16 and 11 eggs. One puncture had been made in a slight abrasion; 
the other in normal tissue between the eyes. Seven other batches of 
eges, containing 9, 5, 8, 7, 4, 5, and 4 eggs, respectively, had been 
deposited on the surface of the fruit, but in the creases between the 
eyes. 

In experimental work the writers have had no difficulty in trans- 
ferring larve from one favored host fruit to another. Experiments 
in transferring first, second, and third stage larve to pineapple 
invariably resulted in the death of the larva. <A total of 925 larve 
were transferred, as follows: 


TasLe VII.—Failure of larve of the Mediterranean fruit fly to develop in the pulp of ripe 


pineapples. 
Number at : 
Date of transfer. larvee Taser when Results. 
transferred. 2 

PAT 22 om ey ge ah 150k sSecondas1)) 2s. eae All died by Apr. 26. 
Apre23.-..-- eee eoee 200 |.-.-- Ons SUR ote Do. 
PADD arena ey icy Se ot. 2 3 TOO WRITS tee Sos Sao ke All died by Apr. 24. 

1D Yaya ee Eire Marple op POCCON Gye se. soy. cere aes 19 dead by Apr. 25; 6 dead by Apr. 26. 

ID) Oe ses peepee ts 150 | Young third. ......... All dead by Apr. 25. 
INV PR a ae Poe eS 150 Po ee (Cee nes aewee eee Do. 
DNoyns OP Jeter 2p Uhee | eee 150 | Well grown third. .--. Do. 


While the experiments above reported indicate that under forced 
laboratory conditions a few eggs may be deposited within the pulp of 
very ripe pineapples, the failure of all stages of the larve to survive 
in a medium of fresh ripe pineapple pulp is conclusive evidence that 
the pineapple should be dropped from lists of host fruits of the Med- 
iterranean fruit fly. | 
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Adults of the Mediterranean fruit fly have been reared from the 
fruits of the trees, shrubs, and vegetables in the following list. The 
hosts are arranged alphabetically according to scientific name, and not 
according to the preferences shown by the fruit fly. The numbers in 
parentheses refer to the degree of preference for each fruit as a host. 
Fruits that are heavily or generally infested are marked (1), those that 
serve occasionally as hosts or of which many escape infestation are 
marked (2), while those rarely infested are marked (3). The writers 
appreciate that differences of opinion may arise over any classification 
of hosts according to degree of infestation, and realize that in colder 
climates than Hawaii some of the fruits classed as (2) would fall into 
class 3, or even might not be recorded as hosts at all. The list 
following represents conditions in littoral Hawai, particularly about 


Honolulu: ¢ 
Hosts of Mediterranean fruit fly in Hawaii. 


Scientific name. Common name. | Scientific name. | Common name. 
1. Achras sapota (3)......-...- Sapodilla. - || 38. Garcinia mangostana (2). .-.| Mangosteen. 
2. Acordia@:sp.(3)..: --.-j-2--- Acordia, 39. Garcinia ranthochymus (2) -| Mangosteen. 
3. Anona muricata (2).....--- Sour sop. 40. Gossypium spp. (2)..--.--- Cultivated cotton. 
4. Arenga saccharifera (3)-..-.- Sugar palm. 41. Jambosa malaccensis (2).--| Mountain apple. 
5. Artocarpus incisa (3)..-.--- Breadfruit. 42, Latania léddigesii (3)..-.-:-| Blue palm. 
6. Averrhoa carambola (2)... -- Carambola. 43. Lycopersicum esculentum | Tomato. 
7. Calophyllum inophyllum (1)| Ball kamani. 2). 
8. Capsicum annuum var. | Bell pepper. 44, Litchi chinensis (3).....---- Lichee nut. 
grossum (2). 45. Mangifera indica (1)......- Mango. 
9. Carica papaya (2)......-..-- Papaya. 46. Mimusops elengi (1)....--- Elengi tree. 
10. Carica quercifolia (2)...---- Dwarf papaya. 47, Murraya exotica (1).-.....-- Mock orange. 
11. Carissa arduina (2)...-...-- Carissa. 48. Musa spp. (3)----.--.----- Banana. 
12. Casimiroa edulis (1)..--- .--| Sapota. 49. Noronhia emarginata (3). --| Noronhia. 
13. Cestrum sp. (3).--.--------- Chinese inkberry. || 50. Ochrosia elliptica (2).....-- Ochrosia, 
14. Chrysophylium cainito (1) --| Star apple. 51. Opuntia vulgaris (2).......-| Prickly pear. 
15. Chrysophyllum oliviforme | Damson plum. 52. Passiflora coerulea (3).-.--- Passion vine. 
(1). 53. Persea gratissima (2)....--- Avocado. 
16. Chrysophyllum polynecium 54. Phoenix dactyilifera (3)...-.- Date palm. 
1). F 55. Psidium cattleyanum (1)...| Strawberry guava. 
17. Citrus japonica (1)....-...-- Chinese orange. 56. Psidium guayava (1).....-- Sweet red and 
18. Citrus japonica (1).. --| Kumquat. white lemon gua- 
19. Citrus nobilis (1). . Tangerine. vas. 
20. Citrus nobilis (1).......--- Mandarin. 57. Psidium guayava pomi- | Common guava. 
21. Citrus medica limetta (1). .-.| Lime. Serum (1). 
22. Citrus medica limonum (1) -)| Lemon. 58. Psidium guayava pyriferum | Waiawi. 
23. Citrus decumana (1).....-- Grapefruit. 3). 
24. Citrus decumana (1)...---- Shaddock. 59. Prunus persica (1)...--.--- Peach. 
25. Citrus aurantium (1).....-- Orange. 60. Prunus persica var. necta- | Nectarine. 
26. Citrus aurantium var. | Sour orange. rina (1). 
amara(1). 61. Prunus armeniaca (1).....- Apricot. 
27. Clausena wampi (3).......-| Wampi. 624 Prunds spp. (eet bee - see Plum. 
28. Coffea arabica (1).........- Coffee. 63. Punica granatum (3)..-.--- Pomegranate. 
29. Coffea liberica (1)........-. Liberian coffee. 64, Pyraus spp, (1) caste ..ce eet Apple. 
30. Cydonia vulgaris (1).....--- Quince. 65.) Pyrus spp. (1)e...-- - ee eee Pear. 
31. Diospyros decandra (1)....- Persimmon. 66. Santalum freycinetianum(*).| Sandalwood. 
32. Eriobotrya japonica (1)..... Loquat. 67. Solanum melongena (3)...-| Eggplant. 
33. Eugenia brasiliensis (1)....- Brazilian plum or || 68. Spondias dulcis (3)........- Wi. 
oe Spanish cherry. 69. Terminalia chebula (1) ....- Natal plum. 
34. Eugenia jambos (1).........| Rose apple. 70. Terminalia catappa (1)... .| Tropical almond or 
35. Bugenia michelii (1)...-.-.- Surinam cherry. winged kamani. 
36. Eugenia uniflora (1)...-..-- French cherry. 71. Thevetia neriifolia (1)......- Bestill. 
37. Ficus carica (1)............ | Fig. | 72. Vitis labrusca (3).........--| Grape. 


1. SaApopmLa (Achras sapota). 


The sapodilla or naseberry (Achras sapota) is not a preferred host of C. capitata in 
Honolulu. A large percentage of the fruits ripen without becoming infested. In- 
festations are slight. Only 3 adults were reared from 1 fruit. 


Bul. 536, U. S. Dept. of Agriculture. PLATE VI. 


Host FRUITS OF THE MEDITERRANEAN FRUIT FLY. 


Fic. 1.—A grove of large ball kamani trees ( Calophyllum inophyllum) producing shade for a country 

home on windward Oahu. Fruits from these trees are badly infested and are falling through- 

out the year. Fic. 2.—The inedible fruit consists of a round seed, covered by a thin fibrous 
pulp in which the larve of the fruit fly work. (Original.) 
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Host FRUITS OF THE MEDITERRANEAN FRUIT FLY. 


Fic. 1.— Carissa arduina. Typical of a class of fruits which are protected from infestation until 
they are practically ripe by a copious flow of white sticky sap from punctures in the skin made 
by the adult fly. Note this dried white sap covering punctures on fruits. Fie. 2.—Bartlett 
pear (Pyrus sp.). Fruit-fly larvee may eat out the entire center of a pear and yet the fruit 
Inay remain attached to the tree and shrivel up after the lary have fallen to the ground. 


(Original.) 
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Four Favorite Host FRUITS OF THE MEDITERRANEAN FRUIT FLY. 


Fic. 1.—Rose apple (Hugenia jambos) sectioned to show the large hollow interior on the 
surface of which larve prefer to feed. Fic. 2.— Mimusops elengi; fruit of an ornamental 
tree which sheds its infested fruit throughout a 3 to 4 month period. Fiec.3.—Adult C. 
capitata captured in sticky exudations of solidified sap about punctures in Chryso- 
phyllum oliviforme. Fic. 4.—A handful of mock-orange ( Murraya exotica) berries. The 
mock orange fruits several times each year and the berries falling become hidden in 
the grass. (Original.) 
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2. ACORDIA sp. 


The fruit of an Acordia with white fleshy pulp was found infested in Bermuda dur- 
ing December, 1913, by the senior writer. The fruit of the Acordia in Honolulu, 
which is a different species and more woody, is not infested. 


3. Sour Sop (Anona muricata). 


The sour sop (Anona muricata) is a fruit which is not ordinarily infested until well 
grown and is found in the markets in season in perfect condition. Under certain 
conditions it may become heavily infested. Of 6 overripe fruits, 5 yielded 95, 67, 
132, 87, and 2 adults, 


4. Sugar Patm (Arenga saccharifera). 


A single adult fly was reared from the fruit of the sugar palm (Arenga saccharvfera) 
during May, 1912, by the Hawaiian Board of Agriculture and Forestry. From a lot 
of 14 fruits gathered March 17, 1914, only 3 yielded adults. From these 3 fruits, 1, 4, 
and 2 flies were reared. 


5. Breaprruir (Artocarpus incisa). 


There are no definite records of infestations of the breadfruit (Artocarpus inctsa). 
No adults were reared from 100 very much overripe fruits taken from the ground 
during August, 1914, and placed over sand in jars. Three larvee were found in one 
partially decayed fruit, but they were the only ones ever seen by the writers in bread- 
fruit during a three-year period. 


6. CARAMBOLA (Averrhoa carambola). 


The carambola (Averrhoa carambola) becomes infested usually only as it ripens, in 
spite of the fact that it is fragrant and thin skinned. Many fruits escape infestation 
even in badly infested districts. Of 40 very ripe fruits collected during September, 
10 yielded no adults. The other 30 yielded 172 adults, 5 fruits yielding 2, 6, 11, 15, 
and 20 adults. Only 22 of 62 ripe fruits gathered during August produced adults; 
from these a total of 289 adults were reared. 


7. Batt Kamant (Calophyllum inophyllum). 


The ball kamani (Calophyllum inophyllum) is badly infested at times (Pl. VI). 
The adults oviposit very abundantly in the thin, stringy pulp covering the huge 
seed, as the fruit ripens, but successful larval development often depends largely upon 
whether the fruit in falling lodges in a place where it remains moist. The fruits on 
separate trees differ in regard to infestation. On certain trees the pulp may be largely 
consumed and the larve well grown when the fruit falls. Generally speaking, the 
Jarve in ball kamani are apt to be underfed, their pup unusually small, and the 
adults so depauperized that they may be undeveloped sexually. In a few instances 
where fruits have fallen in grass on the windward island areasthe larve have developed 
to normal size. As many as 120 larve have been reared in one fruit. In April, 1913, 
7fruits taken from the ground in Honolulu contained 39,86, 0, 27,6, 82,and 115 larve. 
From 104 fruits picked from a tree at Waikiki during April, 1913, 927 larvee emerged. 
Of 20 fruits taken from a second tree 11 yielded no adults; the remaining 9 yielded 
77 adults, 19 being the largest number from any one fruit. Of 20 fruits of a thick- 
skinned variety picked from the tree, only 1 yielded adults; a single adult was reared 
from this fruit. From 1,555 fruits collected during December, 1915, 4,213 larvee were 
reared. 

- 8. PEPPERS (Capsicum annuum var. grossum). 


Peppers (Capsicum annuum var. grossum) grown in market gardens and generally 
known as “‘bell”’ or ‘‘green sweet’ peppers, and used uncooked in salads, are fre- 
quently, although not generally, infested. Five pounds of peppers gathered August 1 
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at Waikiki, containing very green as well as overripe fruit, yielded no adults when 
placed over sand in jars. Of 221 ripe peppers gathered at the same place during 
November, 1915, 213 were not infested; the 8 infested fruits contained from 1 to 5 
larvee each, or a total of 19 larve. Thirty-five adults were reared during December, 
1913, from 100 ripe peppers, whilefrom 13 pepperscollected on March 25,1913, 14adults 
were reared. The fruit fly was first reared from peppers in Honolulu by E. M. Ehr- 
horn, who reared 6 adults from peppers collected at Kaimuki. While there are 
reports that all peppers are infested, the writers have never known infestation to 
exceed 5 per cent of the fruits examined. 

Chile peppers (Capsicum spp.) have never been found infested by the writers, 
although many fruits have been under observation. 


9,10. Papaya (Carica papaya and C. quercifolia). 


The papaya (Carica papaya) is one of the commonest plants about Honolulu and its 
fruit is the universal breakfast fruit, yet the writers have never seen a fruit sufficiently 
ripe and fit for eating purposes infested with larve. Only fruits too ripe for the table 
or those having decayed spots are found infested. Sound fruits cut from the tree 
several days before they soften, a practice which is customary among fruit dealers, 
are always free from infestation. The milky juice which exudes copiously from cuts 
in the skin of the fruit contains a digestive principle said to be similarto pepsin. The 
hands of horticulturists working with the papaya soon become sore if exposed to this 
juice. It has been shown by Knab and Yothers that the larve of the papaya fruit 
fly (Toxotrypana curvicauda) can not live in the pulp of papayas still green, because 
of this juice. This is true also in the case of C. capitata until the fruits are ripe, 
although several of about 500 eggs introduced artificially into well-grown but still 
green-colored papayas attached to the tree were able to hatch; the larve died. It 
has been stated in Honolulu that fruits were infested while still green, but the writers 
have never been able to verify this and all evidence would appear to disprove it. 

During January, 1914, an adult female was observed ovipositing in a perfectly 
sound fruit that was just beginning to turn color. Much juice had exuded around 
the ovipositor and had formed a gummy semisolid globule. After about 3 minutes 
the fly withdrew her ovipositor with comparative ease, but the mass of solidified 
juice remained fast to the tip of the abdomen. The fly freed herself from this mass 
with considerable difficulty. Seven eggs were found within the puncture, but they 
failed to develop. 

During the -winter months very ripe fruits are more heavily infested, as a rule, 
because of the relative scarcity of other hosts. From 2 fruits picked from the tree 
on January 18, 1914, 205 and 67 adults, respectively, were reared. Thirty-eight 
adults were reared from a decayed area in a fruit picked July, 1913. From 6 fruits 
gathered during May and June, 1913, 27, 13, 49, 2, 30, and 61 adults, respectively, 
werereared. From one lot of 7 overripe fruits gathered during May only 1 wasinifested. 

The dwarf papaya (Carica quercifolia) serves also as a host fruit of C. capitata. 

11. Carissa arduina. 


The fruits of Carissa arduina are often found generally infested. Even at as late a 
period in development as that when the fruit has turned deep red, slight abrasions 
in the thin skin are followed by exudations of white sap which dries about the punc- 
tures, as illustrated in Plate VII, figure 1. Every fruit becoming fully ripe on one 
hedge was found, during Repruary, to be well infested and as pa as 30 adults were 
reared from single fruits. 

12. Sapora (Casimiroa edulis). 

The white sapota (Casimiroa edulis) is quite generally infested about the time it 
ripens. Practically every ripe fruit falling to the ground is variously infested. As” 
many as 40 adults have been reared from a fruit 2 inches in diameter. While green 
the fruits are protected by white sap which exudes copiously from skin abrasions. 
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13. CaInESE INKBERRY (Cestrum sp.). 


The Chinese inkberry (Cestrum sp.) is seldom infested, although the trees produce 
an abundance of fruit. Samples of several hundred fruits, each taken from the ground 
among badly infested coffee trees, have yielded no adults. In one instance 3 adults 
were reared from fruits collected by the Hawaiian Board of oe in Manoa 
Valley in November, 1911. ! 


14. Star Appie (Chrysophyllum cainito). 


The star apple (Chrysophyllum cainito) is a preferred host and is always grossly 
infested. The writers have not observed a single mature fruit during the past three 
years that was uninfested. The milky, sticky juice exudes from abrasions in the skin 
until the fruit is overripe. Often, as is the case with other species of Chrysophyllum, 
this juice solidifies so rapidly that the female fruit fly is caught by the ovipositor and 
held captive until death. From four very ripe fruits collected at Haleiwa, May 30, 
1913, 188, 110, 105, and 5 adults, respectively, were reared. Five fruits from the 
same tree, picked May 27, 1914, yielded 18, 96, 54, 105, and 44 adults, respectively. 


15. Damson Puiu (Chrysophyllum olwiforme). 


The small plum Chrysophyllum oliviforme is one of the preferred hosts of C. capitata. 
Like its relative, the star apple (Chrysophyllum cainito), it is well protected by the 
white sticky juice which exudes rapidly from breaks made in its skin until quite 
well grown. (Pl. VIII, fig. 3.) Although larve develop to a very large size in this 
fruit and scarcely a fruit ripens uninfested, the average number of larve per fruit is 
small. Ofasample of 48 fruits collected during February, 18 produced no adult flies. 
From the remaining 30 fruits an average of 2.4 adults resulted, 14 being the largest 
number of adults reared from a single fruit. 


16. Chrysophyllum polynecium. 


This fruit, which is round and about half an inch in diameter, is congeneric with the 
star apple (Chrysophyllum cainito) and the Damson plum (Chrysophyllum oliviforme). 
Like them it is a preferred host and always grossly infested. From two lots of 500 
fruits each gathered from the ground during May, 1914, 1,584 and 1,140 adult flies were 


reared. 
17-26. Cirrus FRuIts. 


In a previously published paper ! on the susceptibility of citrus fruits, the writers 
present data secured under Hawaiian conditions which show why such thin-skinned 
fruits as the tangerine, mandarin, Chinese orange, and kumquats are readily infested, 
and why oranges, lemons, and grapefruit resist infestation of the pulp with such remark- 
able success. All varieties of citrus have been found in Hawaii containing well-grown 
larvee of C’. capitata in their pulp and first-instar larvee transferred to the sourest, and 
even half-grown lemons have been reared to the adult stage, so there is no question as 
to the correctness of classifying all citrus fruits among the hosts of C. capitata. While 
it seems evident that the acidity of partially ripe lemons has a detrimental effect upon 
larval growth, it has been proved experimentally and by field observation, both by 
Quayle and the writers, that no fruit is too acid for larval development. Savastano, 
in 1914, giving the results of experimental work carried on in Italy, exaggerates the 
part played by the acidity of citrus fruits in protecting them from C. capitata attack. 
In Hawaii his conclusions have not been borne out by the results of investigations by 
the writers. The data in Table VIII are presented in detail because of the difference 
of opinion existing between investigators as to the cause of egg and larval mortality in 
thecitrus groups. Theconclusions of the writers, based upon extensive examinations, 


1 Back, E. A., and Pemberton, C. E., Susceptibility of citrus fruits to the attack of the Mediterranean 
fruit fly. Jour. Agr. Research, v. 3, no. 4, Jan. 15, 1915. 
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are that, in Hawaii at least, citrus fruits resist fruit-fly infestation of their pulp in pro- 
portion to the thickness and texture of the rag underlying the rind, the quantity 
of oil liberated from the oil cells during the process of oviposition, and their ability to 
develop quickly about the egg cavity the gall-like tissues which so often make of the 
cavity a prison for the larvee that hatch. The data in Table VIII emphasize the large 
numbers of eggs deposited in the skin of Citrus spp., and the relatively small number 
of these that produce larve able to reach and enter the pulp except in the Chinese 
oranges, limes, and tangerines. Uarvee that succeed in entering the rag from the egg 
cavity in the rind are unable to reach the pulp except in astonishingly small numbers 
because of the imperviousness of the rag. It is the persistent attack of successive lots 
of larvee hatching from different batches of eggs, laid very often in the same puncture, 
that finally breaks down the barrier between the young larve and the pulp. If the 
types of mortality among eggs and larve in the rind of oranges, grapefruit, and lemons 
protect those fruits so well under Hawaiian conditions, where the weather is so warm 
that the adult flies can deposit their eggs every day in the year, they should constitute 
a valuable factor in control when supplemented by climatic cultural conditions more 
adverse to the development of C. capitata in other countries. 


Taste VIII.—Infestation of citrus by the Mediterranean fruit fly. 
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TasLe VIII.—Infestation of citrus by the Mediterranean fruit fly—Continued. 
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1 These 29 newly hatched larvee were feeble and appeared to be about ready to die. 

2 Fruits of sweet oranges 1 to13 picked Mar. 7, examined Mar. 10, 1914; 14 to 20 picked Feb. 24, examined 
Mar. 6 and 7, 1914; 21 to 26 picked Sept. 10, examined Sept. 16, 1913; 27 to 29 picked Sept. 10, examined 
Sept. 18, 1913; 30 picked Sept. 4, examined Sept. 15, 1913. 

$ 'hird-instar larvee in pulp; orange not decayed. ‘ 
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TasLe VIII.—IJnfestation of citrus by the Mediterranean fruit fly—Continued. 
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1 Third-instar larve in pulp beneath soft but undecayed spot in rind. ; 

2 Fruit of sour oranges, 1 to 16 picked Mar.3, examined Mar. 10 and 11, 1914; 17 to 20 picked Sept. 4, exam- 
ined Sept. 5, 1913. 

3 Very badly decayed. 


17-21. Crrrus Fruits Eastry INFESTED IN Hawatl. 


The varieties of Citrus japonica in Hawaii known as the Chinese orange and the 
kumquats (‘‘testa di turco” of the Italians), of Citrus nobilis, known as the mandarin 
and tangerine, and of Citrus medica limetta, or lime, are easily infested by C. capitata. 
The data of Table VIII on the infestation of Chinese oranges and Hawaiian limes are 
introduced as examples of infestation for the varieties of C. japonica and C’. nobilis. The 
rind of the Chinese orange and of many limes, mandarins and tangerines is so thin 
that the adult fly is able to deposit eggs either directly within the pulp or between the 
rind and the skin covering the pulp, but parallel with the rind and at a slight distance 
away from the ruptured oil cells where they more often escape the fatal action of the 
oil or hindrances in the form of a dense rag. Of 609 eggs deposited between the rind 
and the pulp in Chinese oranges, 98.5 per cent hatched and the larvee, unhindered by 
the presence of an impervious rag, entered the pulp. The infestation of the pulp of 
limes, tangerines and mandarins is in inverse proportion to the thickness of therind. It 
is interesting to note that eggs in the Kusaie limes, the rind of which is sufficiently thick 
so that the eggs are usually deposited directly beneath the puncture, die with great 
regularity, while the eggs in Hawaiian limes, the rind of which may be sufficiently 
thin to permit the eggs being deposited as in Chinese oranges, or so thick (according to 
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the individual tree) that the eggs are laid either in the cavity in the rind, or between 
the rind and pulp but directly beneath the puncture, suffer a degree of mortality 
between that of eggs deposited in Chinese oranges and Kusaie limes. Mandarins and 
tangerines in Hawaii usually are infested if allowed to ripen thoroughly upon the tree. 
The Satsuma orange is a fruit that easily becomes infested because of the looseness of 
the rind and lack of well-developed rag. 


22. LEMON. 


Because of the danger of introducing the Mediterranean fruit fly from the Mediter- 
ranean regions in lemons, the importance of this fruit as a host has been thoroughly 
investigated at the request of Mr. C. L. Marlatt, chairman of the Federal Horticultural 
Board. - The observations of Martelli and Savastano in Italy have led them to definite 
statements as to the immunity of commercial lemons to C. capitata in Italy. H. J. 
Quayle, who conducted an investigation during 1913 in the Mediterranean citrus 
regions under the direction of the Federal Horticultural Board, found less than 15 
lemons with infested pulp during a search of eight weeks throughout commercial 
lemon orchards in Italy and Sicily. It is mteresting to record that of the 15 fruits 
containing larvee within the pulp, all had the appearance of having been injured, 
either mechanically or by fungi, and in all but two instances they were found in an 
overripe and overdeyeloped condition on the ground beneath the trees. The two 
fruits found infested while still attached to the tree were partly decayed on one side. 
These instances of infestation recorded by Quayle, who is thoroughly competent to 
judge from long experience with citrus in California, refute the argument that lemons 
are too acid to support C. capitata larvee, although the small number of lemons found 
infested, of the thousands examined during the eight-week period, strengthens the 
argument set forth by the Italian entomologists, as well as by the writers, that lemons, 
commercially grown and cured, will not support the fruit fly if they are not first 
subjected to some mechanical or other injury while still attached to the tree. 

In Hawaii, where climatic and host conditions are so favorable to C. capttata activity 
and. where every host is subjected to the severest tests, the writers have never found 
a lemon of either the commercial or the rough-skinned type showing infestation of the 
pulp unless it had first received mechanical injuries. Although there are compara- _ 
tively few lemon trees in Hawaii, those known to the writers have seldom been found 
infested. By “infested” is meant, in this instance, an infestation by C. capitata 
larvee in the pulp. Out of 235 well-grown and for the most part ripe lemons of the 
commercial type, picked from the tree, only one eventually developed adults, three 
in number, and this fruit when picked was partially decayed as the result of a thorn 
prick. Out of 161 lemons of the same variety taken from the ground in a very much 
overripe condition, only two developed larve, 1 and 5, respectively. No larvee devel- 
oped in 434 ripe, rough-skinned, but badly punctured lemons picked from thetree. One 
partially decayed rough-skinned lemon picked from the ground produced 12 larve. 
These instances of infestation of the pulp, taking place in the field, are the only ones 
which have come to the attention of the writers during the past four years in Hawaii. 

The recording of so small a number of lemons with larve developing in their pulp 
should not be interpreted as meaning that lemons are particularly free from attack in 
Hawaii. The data of Table VIII prove that, in reality, lemons of the commercial 
type grown in Hawaii are very attractive to adult C. capitata as host fruit. The many 
fruits listed above from Hawaii from which no adults were reared were as heavily 
infested in the peel as those recorded in Table VIII. Particular attention is drawn to 
this point since it is the contention of the writers that the immunity of lemons, other- 
wise uninjured, is due not so much to the acidity of the pulp as it is to the impervious- 
ness of the rag. It seems incredible that lemons heavily oviposited in should be able 
to resist successfully infestation of their pulp, yet this is true. Examination of 5 
lemons showed that 73 of 79 egg cavities or punctures had been made between the 
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oil-cells, hence the immunity of lemons is due chiefly to the imperviousness of the rag 
and the gall-like developments about the egg cavity which make it difficult for the 
hatching larvee to leave the cavity. 

In the laboratory a comparison was made between the infestation of the rind of 
cured California lemons and well-grown fruits picked fresh, both green and yellow 
in color, from the trees. About the egg cavities in freshly picked fruits infested by 
adults in the laboratory, a hard, more or less gall-like condition of the walls and ad- 
joining tissues develops rapidly. In the well-cured fruits no such gall-like harden- 
ings were detected following infestation, and after hatching the larve had little 
difficulty in working their way out of the puncture into the rag. Thus six California- 
grown lemons such as are found on the markets were exposed between April 3 and 
5, 1915, in large glass jars containing each about 200 flies. After removal they were 
held until April 12, when an examination showed them to have been oviposited in 
16, 26, 31, 29,39, and 20 places, respectively. Ofthe 161 punctures, only 8 had been 
made in, or through, an oil-cell and in these the C. capitata (numbering, respectively, 
2,1,1,3,0,2,5, and 8) weredead. From the remaining 153 punctures, made between 
the oil-cells, 441 larvee had escaped into the rag beneath, where, without exception, 
they were found dead. Other well-grown but greenish colored lemons were gathered 
from the trees and immediately exposed to adults within similar glass jars between 
April 14 and 16, 1915. These fruits were examined -April 19-20. Before being 
exposed in the jars all punctures in the rind, made previously in the field, were 
covered with gummed paper. The results of the examination of two of these fruits 


are given here as typical: 
Fruit No. 1. 


Puncture 1. One dead larva in puncture located between oil-cells. 
2. One unhatched egg in puncture in oil-cell. 
33. Three unhatched eggs in puncture between oil-cells. 
. 4. Six unhatched eggs in puncture between oil-cells. 
5. Two larve barely alive in rag beneath puncture made between oil-cells. 
6. Five unhatched eggs in puncture between oil-cells. 
7. Seven unhatched eggs in puncture between oil-cells. 
8. Four unhatched eggs in puncture between oil-cells. 
9. Six dead larvez in puncture between two oif-cells. 
0. One ane larva in puncture between two oil-cells and one dead in rag 
close by. 
11-19. These nine punctures were shallow and contained nothing. 


Fruit No. 2. 


Puncture 1. Nine dead larve in rag beneath puncture between oil-cells. 
. One dead larva in puncture made between oil-cells. 
. Four dead larve in puncture made between oil-cells. 
. Three unhatched eggs in puncture made between oil-cells. : 
. One dead first-instar larva in rag beneath puncture made between oil- 
cells. 
These data indicate the way citrus fruits are protected from infestation of the 
pulp, and they supplement previously published data on the development of larve: 


within lemons. 


oe Cote 


23. GRAPEFRUIT. 


The ordinary types of grapefruit which have come under the observation of the 
writers have been particularly resistant to attack up to the time when they are fit 
for table use as indicated by the data of Table VIII. These data were secured dur- 
ing September. Many fruits from these trees in Manoa Valley, Honolulu, which 
were sufficiently ripe to fall to the ground, have been held over sand in the labora- 
tory but yielded no adult flies. The writers have found other trees bearing fruits 
with rinds of a looser texture from which they have reared adults, and in certain 
instances have found fruits still attached to the trees, which, though much overripe, 
were badly infested. It seems very probable, therefore, that should the fly reach the 
citrus regions of the mainland, certain thin-skinned varieties of grapefruit might 
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GRAPEFRUIT AS A HOST OF THE MEDITERRANEAN FRUIT FLY. 


Two types of infestation. Fic. 1.—Larve have eaten out a portion of the fruit 
while the rest remains unaffected. Fie. 2.—Infestation extending throughout 
the pulp. Note that the rind shows evidence of infestation of the pulp only at 
the decayed spot on the lower side. (Original.) 
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THE ORANGE AS A HOST FRUIT OF THE MEDITERRANEAN FRUIT FLY. 


Fic. 1.—Orange infested with larve of the Mediterranean fruit fly. Note that 
the fruit looks sound, except about the irregular hole, through which a few 
well-grown larve have already left the fruit. Fie. 2.—Orange infested with 
larve of the Mediterranean fruit fly showing two breathing holes of the larve 
in the decayed area. (Author’s illustration.) 
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become seriously infested unless gathered and ‘sold early. Three grapefruit out of 
five dropping from the tree in an overripe condition, two months after they had been 
marked as sufficiently ripe for eating, produced four, two, and four adults. It is 
interesting to record that when these five fruits were marked they already had been 
oviposited in. HE. M. Ehrhorn reared 16 adults from an overripe grapefruit grown in 
the Punahou district of Honolulu during November, 1911. The grapefruit grown at 
ex-Gov. Frear’s city and mountain residences have been found infested when much 
overripe. The fruits used as illustrations (Plate IX) were taken from Tantakus during 
a particularly wet season when it appeared to the writers that the action of numerous 
showers had aided the larve in breaking down the protective rag of the rind. 

The exudation of gum from punctures does not always occur, although at times it 
may be very excessive in Hawaii. 


24. SHADDOCK. 


The lafge, very thick-rinded shaddocks are not infested successfully until they are 
very much overripe. During March, 1914, fruits were gathered from a tree in Hilo, 
Hawaii, from which fruits had been taken for the table during the months of January 
and February. During those months no infestation of the pulp had been noted by 
the owner. Examinations made of the fag end of the crop showed that larve had 
successfully penetrated the pulp and had been able to burrow about through the 
loose-textured rag. Instances were found in which the larve had completed their 
entire development within the rag. As many as 22, 17, 9, 17, 16, 25, 19, 8, 1, and 18 
living larvee were found in the rag of 10 fruits. Of these 10 fruits only four possessed 
27, 13, 3, and 12 living larve in the pulp. On examination, made at the same time, 
of equally ripe fruits of another shaddock tree that possessed a firmer rag, there were 
found 6 normal and 39 abnormal appearing eggs; 5, 2, and 3 living larve in the punc- 
tures, rag, and pulp, respectively; and 405, 696, and 1 dead larve in the punctures, 
rag, and pulp, respectively. 

25. SWEET ORANGES. 

Oranges are subject to severe attack from the time they are nearly grown until they 
fall to the ground or are picked. (See Pl. X.) Ten oranges just beginning to turn 
color, collected in Honolulu in November, 1915, had 14, 33, 74, 4, 22, 13, 99, 11, .20, 
and 14 punctures, respectively, in their rind; 10 others of another crop gathered dur- 
ing June, 1913, had 29, 17, 34, 14, 11, 17, 33, 17, 18, and 17 punctures, respectively. 
Ten ripe fruits picked in the same general locality as these 20 fruits during October, 
1915, had 21, 2, 17, 10, 10, 3, 2, 46, 9, and 3 punctures, respectively. In spite of the 
fact that 39 oranges picked in September when they were just becoming well yellowed 
had an average of 32 punctures per fruit, none of them developed larve within the 
pulp. But of 784 oranges gathered during March, 1914, when very much overripe, 
254 produced 2,272 larve, or an average of 9 larvee to the fruit. Such data as these, 
coupled with the more detailed data of Table VIII, throw much light on the wonder- 
fully resistant power of oranges to fruit-fly attack. Were oranges not so well equipped 
by nature to withstand attack.they would be ruined long before any of them could 
ripen. Considering the number of eggs deposited, very few adults emerge even from 
fruits that become infested in the pulp. Thus, only 5, 13, 4, 1, 6, 12, 6,30, 8, 4, 1, 1, 
14, 26, 1, 12, 31, and 2 adults were reared from 18 fruits picked because they appeared 
to be badly infested. 

26. SouR ORANGES. 

The ordinary sour orange commonly found in Florida groves is as severely attacked 
as is the sweet orange, but on account of the looseness of the rind and rag it becomes 
infested in the pulp moreeasily. A larger percentage of fruits become infested in the 
pulp when well ripened than of sweet oranges, (See Table VIII for data on infest- 
ation.) 
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27. Wampr (Clausena wampi). 


The wampi (Clausena wampi) is a native of China. While a large percentage of the 
fruit produced by a tree growing at Beretania and Punahou Streets, Honolulu, was 
found free from attack during June, 1914, certain overripe fruits contained larve of 
C. capitata. From 200 fruits gathered during July, 1913, only four adults were reared. 


28, 29. COFFEE. 


Coffee cherries (Coffea arabica.and C. liberica) are favorite hosts of the Mediterranean 
fruit fly. Coffea arabica is grown in various portions of the Hawaiian Islands, but 
commercially, at the present time, only on the island of Hawaii. (Pl. V.) During 
the fiscal year ended June 30, 1915, there were exported from the islands 4,363,606 
pounds of raw coffee beans valued at $651,907, besides the coffee locally consumed. 
Fortunately for the coffee growers in Brazil and Africa, as well as in Hawaii, the 
larve of the fruit fly attack only the pulp of the cherry surrounding the beans or seeds 
and in no way affect the value of the latter. The chemical analyses of Miss A. R. 
Thompson, formerly of the United States experiment station at Honolulu, have proved 
that beans from infested cherries do not differ chemically from those from uninfested 
cherries, and tasting tests of coffee made from roasted beans by Messrs. L. Macfarlane 
and Robert Wallace, coffee growers of Hawaii, Mr. H. L. Lang, of the office of Home 
Economics of the United States Department of Agriculture, Dr. E. V. Wilcox, for- 
merly director of the Hawaii Federal Experiment Station, and the writers have failed 
to discover differences in either the flavor or the aroma. 

The unrestricted development of larvee within coffee cherries does, however, bring 
about certain losses to the growers and mill owners that are apt to be overlooked 
except by those best informed. Before the introduction of parasites into the coffee 
districts cherries were infested, often as soon as they began to turn white from green, 
in the final ripening process. The larve, numbering from 2 to 8, were able to become 
nearly full grown by the time the cherries had turned red. An examination of the 
coffee cherries as illustrated (Pl. V, fig. 4) shows that the beans occupy the larger 
portion of the fruit. The pulp itself, with its thin, easily punctured epidermis, varies 
in thickness fronr 0.04 to 0.14 inch, or is scarcely thicker than a well-grown larva of 
the fruit fly. Therefore, by the time the cherry would ordinarily be ready for har- 
vesting the larve have devoured practically all the pulp, leaving the seeds hanging 
more or less loosely within a sack composed of the thin epidermis. If the weather 
happens to be dry, the epidermis shrivels and hardens about the beans and the cherry 
remains on the branch indefinitely, resembling closely those killed by disease. How- 
ever, should the harvesting season be rainy, the epidermis decays rapidly and under 
the weight of the beans the cherry falls to the ground. The writers have been in 
certain coffee fields where a slight jar to the tree would cause many cherries to fall 
to the ground, where they are lost. This type of loss necessitates extra pickings and 
greater cost of labor. Since the successful introduction of parasites the fruit fly has 
been so reduced, as discussed on page 99, that while cherries are infested in about the 
same proportion as formerly, the infestation occurs so late in the ripening process that 
extra pickings now are not necessary and the cherries on reaching the mills during 
the height of the harvesting season contain chiefly eggs or young larve which have 
not had an opportunity to reduce the pulp. Whether these improved conditions of 
1914 and 1915 will continue remains to be seen. 

For some time after the advent of the fruit fly into the coffee districts, prices for 
coffee in the cherry delivered at the pulping mills remained the same per pound. 
During 1912 and 1913 when the fly attack was severe it was difficult to find at the 
mills cherries which were normally bright red and sound: Practically every cherry 
that was red was badly infested and its pulp had been consumed, and the floors about 
the delivery platforms were well strewn with emerging larve. As the pulp only had 
been destroyed, a pound of coffee cherries badly infested contained in reality many 
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more coffee beans, or of that portion of the cherry that had any commercial value. 
Counts made of samples of badly infested cherries, and of those in which the infesta- 
tion had not progressed sufficiently far to affect the weight, were made and the loss 
both in numbers and percentage of cherries is given in Table IX. 


TaBLe 1X.—Loss of weight and pulping quality of coffee cherries due to infestation by 
Mediterranean fruit fly. 
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1 Attention is called to the fact that differences in the size and succulency of coffee cherries is responsible 
for the differences in the number of cherries per pound in the different samples. While several ordinary 
weighing machines were used in securing data in Tables TX and X, the uninfested and infested cherries 
or beans of the same sample were weighed on the same machine. 


It will be noted that loss in the number of coffee cherries due to heavy infestation, 
when the cherry is sold by the pound at prices paid before the advent of the fly, 
ranged in the particular examples taken from 27.1 to 59.1 per cent. In practice, 
however, this loss is considerably reduced by the addition of half-ripe fruits in the 
fields. This loss has been appreciated by the small Japanese coffee growers and 
has been responsible, in the opinion of the writers, for the erection of many small 
pulping mills throughout the Kona coffee district. It has also encouraged coffee 
renters who deliver their crop at the large mills to put in their sacks a high percent- 
age of ‘‘too-green” cherries which will not pulp and are therefore lost. 

Badly infested cherrres do not pulp as easily as do sound fruits, as shown in the data 
of Table IX. Thus in 6, 10, and 4 pounds of badly infested cherries, run through a 
gasoline pulping mill, 692, 833, and 274 failed to pulp, whereas in three samples of 
the same weight of unaffected cherries, 0, 11, and 3 cherries failed to pulp. The 
number of badly infested cherries that only partly pulped is also much larger than 
that of unaffected cherries. 

To determine whether the beans from infested and noninfested cherries differed 
in weight after they had been dried and sacked for several months the beans of 1,000 
cherries were weighed separately with the results given in Table X. 


TaBLeE X.—Relative weights of thoroughly dried beans from badly infested and uninfested 
coffee cherries. 


Weight of sample of dried beans from 1,000 cherries. 


Not in- : Not in- 
Lot. | Infested. fested. Lot. | Infested. eeeode 
Ounces. | Ounces. Ounces Ounces 
11 3 10 
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10.5 11 12 12 
9.5 10 11.5 11 
10 10 U Neaiers «es 11 11.5 
Deore. 2 9.5 10 12 12 
9.5 9.5 12 12 
9.5 9.5 
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The data indicate that the weight of the bean is not affected by infestation. 

In experimental work coffee cherries should be avoided, if possible, as a source of 
fruit-fly larvee unless one is working close to coffee fields. While from 2 to 8 larvee 
may mature in each fruit if the fruit remains attached to the tree, the fruit heats and 
decays so rapidly after being picked and placed in containers that only a relatively 
small number of adults can be reared. Only 427 adults were reared from 1,500 ripe 
infested cherries placed over sand in lots of 25. If these cherries had been allowed to 
remain on the tree they would have produced at least 6,000 adults. 


30. QuincE (Cydonia vulgaris). 


The quince (Cydonia vulgaris) is not grown in Hawaii, but fruits obtained from the 
mainland were readily infested. The quince is frequently infested in Australia, 
South Africa, and Spain. 


31. Persmmmon (Diospyros decandra). 


The brown persimmon (Diospyros decandra) is the only Diospyros grown in Hawaii. 
Mr. G. P. Wilder has grown fruits a few of which have become infested on reaching 
maturity. From one ripe fruit 57 adults were reared during December, 1911, by the 
Hawaiian Board of Agriculture. The persimmon has been reported infested from 
Algeria, South Africa, and Australia. 


32. Loquat (Eriobotrya japonica). 


The loquat (Hriobotrya japonica) is badly infested in Hawaii, and appears to be a 
favored host. Infested loquats often hang on the tree and shrivel up after the larvee 
have become full grown and dropped to the ground. When punctured before the 
fruits are ripe, the areas about the punctures remain green after the rest of the fruit 
turns yellow, thus making these infestations very evident. As many as 11 punctures 
have been counted in a single fruit. From lots of 200 and 150 fruits each, 1,261 and 
990 adults, respectively, were reared. From one cluster of 17 fruits 458 adults, or an 
average of about 27 flies per fruit, were reared. 

In Bermuda the loquats are badly infested and serve as a host by means of which 
large numbers of flies pass the winter and spring months. 


33. Brazitian Pium or SPANISH CHERRY (Eugenia brasiliensis). 


The Brazilian plum or Spanish cherry (Eugenia brasiliensis) is easily and badly 
infested. Itis doubtful if a single fruit comes to maturity in Honolulu without becom- 
ing at least partially infested. The larve develop well in this fruit and often as 
many as 20 adults may be reared from a single fruit slightly over one-half inch 


in diameter. 
34. Rose Appie (Hugenia jambos). 


The rose apple (Eugenia jambos) (P1. IV, fig. 2, and Pl. VIII, fig. 1) is a preferred 
host and is everywhere generally and badly infested about Honolulu. From 36 fruits 
gathered during July, 1913, in Manoa Valley there emerged a total of 1,688 adults, 
or an average of about 47 per fruit. Each fruit yielded adults, 10 fruits yielding 53, 
6, 91, 36, 44, 58, 1, 18, 56, and 92, respectively. A total of 1,395 adults, or an average 
of 19.6, were reared from 75 fruits collected in Nuuanu Valley during March, 1914. 
One fruit from Kalihi Valley in July, 1913, yielded 20 adults. 


35, 36. Surinam CHERRY (Hugenia michelii) AND Frencu CuHErry (Eugenia uniflora). 


The Surinam cherry (Hugenia michelii) and the French cherry (Hugenia uniflora), 
known in Spanish countries by the general term “‘pitangas,”’ are fruits very generally 
infested, and although they never yield many adult flies in proportion to their size, 
very few fruits escape attack. In Bermuda the former was found to be one of the 
principal hosts of C. capitata. From 437 supposedly badly infested fruits gathered 
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HOSTS OF THE MEDITERRANEAN FRUIT FLY. 


Fic. 1.—The Mediterranean fruit fly attacks cotton bolls about the 
time they are nearly fullgrown. This attack, however, appears 
to be of a secondary nature and follows that of the pink bollworm 
(Pectinophora gossipiella). AS many as 10 well-grown larve have 
beenremovedfromasingleboll. Fic. 2.—Cross section of an apple 
(Pyrus malus) showing the destruction caused by feeding larve 
of the Mediterranean fruit fly. (Original.) 
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THE MANGO AS A Host FRUIT OF THE MEDITERRANEAN FRUIT FLY. 


Mango trees may become very large (fig. 1) and bear enormous crops of fruit (fig. 2), which, when 
ripening and falling, present impossible conditions for the fruit-fly inspector. (Original.) 
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THE MANGO AS A HOST FRUIT OF THE MEDITERRANEAN FRUIT FLY. 


Fic. 1.—Larve of the Mediterranean fruit fly, about natural size, ininfested mango. Fic. 2.— 
No matter how diligently clean-culture inspectors gather fruit during the mango season, each 
day finds the ground beneath the trees well strewn with fallen infested fruits. Fic. 3.—In- 
fested fruit about natural size. Note large cavity in upper right side containing several hun- 
dred whiteeggs. (Fig. 1, from Severin; figs. 2 and 3, original.) 
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during July, 1913, only 191 adults were reared. Of 45 fruits gathered during Febru- 
ary, 1916, only 29 were infested. These 29 fruits yielded 55 adults, or an average of 
about 2 per fruit. Seven is the largest number of adults reared from any one of 16 
infested fruits during April, 1913. 


37. Fia (Ficus carica). 


The fig (Ficus carica) is very generally infested. Because of the white, sticky sap 
which exudes copiously from abrasions made in its skin it does not become infested 
until the fruits are sufficiently ripe for the market. The larvee are very small, as a 
rule, when the fruits are offered for sale and because of the interior structure of the 
fruit are easily overlooked. Only 6 out of 24 very ripe figs purchased in the market 
during July produced a total of 9 adult flies. Of ripe fruits purchased during March, 
6 out of 22 produced 34 adults. From 12 apparently perfect figs, purchased during 
June, 36 adults were reared. Of 44 figs sufficiently ripe that little sap ran when they 
were gathered from trees in Manoa Valley, 10 proved to be uninfested. From the 
remaining 34 fruits 430 adults were reared, 12, 25, 28, 32, 44, and 48 adults being reared 
from 5 individual fruits. Kirk records rearing 241 adults from 7 figs imported into 
New Zealand from Australia. 


38, 39. MANGOSTEENS (Garcinia mangostana and Garcinia xanthochymus). 


The mangosteens (Garcinia mangostana and G'. xanthochymus) do not become in- 
fested until ripe. They are not preferred hosts under Hawaiian conditions. The 
writers have never reared more than an average of 2 adults from infested fruits. A 
large percentage of the fruits are uninfested. 


40. Corron (Gossypium spp.). 


The Mediterranean fruit fly was first reared from cotton bolls (Pl. XI, fig. 1) on 
October 19, 1911, by E. M. Ehrhorn from bolls collected by D. B. Kuhns from trees 
growing on King Street, Honolulu.. Numerous flies were reared during June, 1915, 
by August Busck from bolls collected on the U. S. Experiment Station grounds in 
Honolulu and at Kaneohe, Oahu. During the same month the writers found 10 out 
of 201 and 6 out of 174 bolls infested. In 10 bolls 32 larvee were found, 10 larvee 
being in one boll. In all cases infestation by C. capitata was secondary to attack by 
the pink bollworm, Pectinophora gossypiella (Saunders), and the larve of the fruit fly 
appeared to be feeding only upon the affected ey of the bolls rather than upon 
the cotton fiber itself. 


41. Mountain AppxE (Jambosa malaccensis). 


The mountain apple, or ‘‘ohia ai’’ of the Hawaiians (Jambosa malaccensis), is a wild 
tree thriving well up to 1,800 feet elevation. The trees frequently are found growing 
in forests (Pl. IV, fig. 1). The fruits maturing in the forests do not appear to be more 
than slightly, and often not at all, infested. Fruits ripening on trees within the 
city of Honolulu are often badly infested. All the fruits ripening during August, 
1914, on a tree growing in Pauoa Valley were infested. Ehrhorn reared adult flies 
from fruits from Kalihi Valley during August, 1911. Asa rule, the fruits from the 
’ mountains, offered for sale in Honolulu, are free from infestation. 

While none of three varieties of water apples (Jambosa spp.), of which there are a few 
trees in Honolulu, have been found infested, there is no reason why they should not 
be infested, as they are similar in texture to Jambosa malaccensis. 


42. BuuE Pawn (Latania loddigesii). 


One nut of 12 collected from a tree growing on Keeamaku Street, Honolulu, was 
found infested. Two adult flies were reared. Prof. O. H. Swezey has also reared 
adults from the overripe nuts of this palm. 
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43. Tomato (Lycopersicum esculentum). 


The ordinary cultivated tomato (Lycopersicum esculentum) is not generally infested 
by C. capitata, although many adults of Bactrocera cucurbitae and certain decay flies 
(Drosophilidae) are reared. Thus 270 ripe fruits gathered promiscuously from the 
market gardens of Waikiki during June, 1916, yielded no adult flies when held over 
sand in jars. Sixteen ripe fruits gathered from the market gardens of Moiliili on March 
25, 1918, yielded the melon fly (B. curcubitae). Itis interesting to note that of seven lots 
of tomatoes collected during 1911 and early 1912 by the Hawaiian Board of Agriculture, 
none produced adults of C. capitata. That C. capitata may be reared in numbers from 
tomatoes under field conditions has been demonstrated by the ease with which adults 
oviposit in both ripe and green, although well-grown, fruits in the laboratory under 
forced conditions. Of 4 ripe tomatoes placed singly for 7 hours in jars containing about 
200 adults, only one yielded 3 adults, although all 4 were oviposited in and contained 
on removal from the jars an average of 13 punctures. One fruit yielding no adults 
contained 42 punctures. From one green but well-grown fruit exposed in a jar for 7 
hours with 200 adults, only 5 adults were reared. From six other ripe fruits similarly 
exposed in two lots of 3 each, there emerged only 16 adults; and only 5 adults de- 
veloped in one lot of 3 fruits containing 29 punctures in the skin. 

The currant tomato (Solanum pimpinellifolium), the grape tomato (Solanum lyco- 
persicum), and the ‘‘popolo” tomato (Solanum nodiflorum) have never been found 
infested. Newman writes that C. capitata has often been reported infesting tomatoes 
and other Solanum species, but that he had never reared from them any fly in Western 
Australia but Lonchaea splendida Loew, the tomato fruit fly—a fly which does not 


occur in Hawaii. 
44, Licnee Nour (Litchi chinensis). 


The lichee nut (Litchi chinensis) is not infested so long as the fruits remain perfect. 
The shell-like covering of the fruits often splits as the fruit reaches maturity, and in the 
pulp thus exposed the adult can, and has been known to, deposit eggs. Several split 
fruits were found infested during September, 1913. One depauperized adult was 
reared by the Hawaiian Board of Agriculture from a split fruit during July, 1912. 
it is possible for infestation to occur in fruits infested by the tortricid Cryptophlebia 
illepida Btl. Seven ripe fruits, freshly picked and sound in every way, were hung in 
jars of adult flies for a two-day period during June, 1915. An examination of them 
after their removal proved that the flies had not been able to puncture the shell. 


45. Manco (Plates XII, XIII). 


The mango (Mangifera indica) is a favorite host of the fruit fly. In Hawaii the 
common seedling varieties are so badly attacked that many owners are willing to have 
the crops removed and destroyed before they ripen. Twelve fruits picked from the 
ground in upper Manoa Valley yielded 313 adults, 95 adults emerging from one fruit. 
Of a total of 47 fruits from the same locality taken from the ground on July 27, 25 
yielded 423 adults. Sixteen of 33 fruits taken from the ground at the Hawaiian 
Church, Manoa Valley, yielded no adults, but 502 were reared from the remaining 17 
fruits. Of fruits taken from the ground on the Cooper estate, Manoa Valley, 26 of 35 
yielded 527 adults during August. These records-are fair samples of the infestation 
of seedling sweet mangoes in the outlying districts of Honolulu, where there are many 
wild guavas bushes. 

The mango is one of the fruits subject to attack which becomes infested only as it 
ripens. Up to that time it is quite well protected from attack by the copious exuda- 
tions of distasteful sap which follow attempts at oviposition. Often where the com- 
bined attack of the mango weevil (Cryptorhynchus mangiferae Fab.) and fruit-fly adults 
is severe the fruits are well stained with the exuded sap. It has been the experience 
of the writers that very few adults can be reared from hard well-grown fruits picked 
from or beneath trees on which many fruits are ripening and falling to the ground, 
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even where they show many indications of attempted oviposition. 
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Thus from a, total 


of 292 such fruits representing 12 lots collected from the ground in Pauoa Valley, 
Moanalua Gardens, and Nuuanuu Valley, during July and August, only 6 adults were 
reared. The thicker the skin of the fruit the more difficulty does the adult have 


in ovipositing successfully. 


TasiE XI.— Varietal susceptibility of mangoes to the attack.of the Mediterranean fruit fly 
under forced conditions. 


Number of— 

Cemcoetion / 

of varieties. 

Pune- 

tures. | E88S- 
Common mango 48 327 
Cambodiana..... 8 61 
Brinda Bani.... 0 a 0 
Oahwesse sense 3 42 
Pinte. 2) eet 0 0 
Brinda Bani. --. - 0 0 
Common mango 8 73 
Wood chutney 2 60 584 
Samoan chut- 

Ney sss. kee. 12 138 
Common mango 5 52 
Cambodiana.... 9 86 
Wooten chut- 

Ney sees eee’ 10 115 
Common mango 40 293 
Cam bodiana : 

@aard)e2 ee 0 0 
Cambodiana. . - . 18 182 
Common mango 15 111 
Strawberry-...-. 8 91 
Brinda Bani... . 0 0 
Strawhberry-..... 15 206 
Seedling No. 

WOR Ma bos 3 32 
Brinda Bani... . 0 0 
Divine......... 0} 0 
Wooten chut- 

NEyie22s. 22... 44 314 
Brinda Bani. ... 0 0 
Pinto e te ee 1 68 
Jamshedi....... 0 0 
Divinesss2) 52222 0 0 
Wooten chut- 

Noyes. ss lsee 6 27 
No. 19283_...... 4 28 
Cambodiana 3... 8 93 


i. 


Combination 
of varieties. 


Strawberry. -... 
Wood chutney... 
Brinda Bani... . 


Common mango 
Oahus ee 23S 


No. 1928 ....... 
Samoan chut- 

MOA nee tee 
Brinda Bani... . 


Common mango 

Wooten chut- 
MOYsee oes 

Totofori........ 


No. 1928 ....... 
PATE Is Ee 8 
Wood chutney... 


Piri(hard).-..... 
Piri (slightly 
Soft) eae aeee 


Divine.......... 
Strawberry....- 
Jamshedi....... 


Strawberry 3... . 
No. 1928 ....... 
Brinda Bani.... 


Common man- 


Common mango 

Wooten chut- 
MCYeasscoss sees 

Totofori........ 


Number of— 
Punc- 
tures. Eggs. 

16 139 
11 129 
0 0 
14 129 
23 249 
0 0 

3 18 
29 291 
0 0 
20 223 
25 403 
a 43 
0 0 
0 0 

8 112 

2 11 
21 196 
0 0 

1 5 

0 0 
14 132 
4 42 

0 0 

4 35 

5 38 

7 40 

5 60 
24 272 
0 0 


Combination 
of varieties. 


Common man- 
Oe aan ce 


Divine 4 .._..... 
Alphonse.....-. 
Brinda Bani... . 
Common mango 
Oahuee = hee 
Brinda Bani... . 
Common mango 
Strawberry 5... - 
Brinda Bani.... 


Wooten chut- 


| Common mango 


Cambodiana.... 
Brinda Bani... - 


Common man- 


Jamshedi4...... 
Strawberry 3... . 


Common man- 


PITS sae oe ee 


PO eee 
Cambodiana ‘4... 
Wooten chut- 


Divine.......... 
Brinda Bani... - 


Number of— 
Pune- 
tures. Eggs. 
0 0 
0 0 
0 0 
1 9 
0 0 
0 0 
28 370 
5 | 59 
0 0 
13 139 
25 178 
0 0 
0 0 
5 38 
23 441 
0 0 
0 0 
6 53 
0 0 
45 481 
29 196 
2 14 
0 0 
1 11 
0 0 
19 101 
6 41 
0 0 
0 0 


1 Unless otherwise noted, the fruits used in each experiment were equally hard, though fully matured 
and from trees on which fruits had already begun to ripen. 
2 Less hard than the common mango. 


3 Soft. 
4 Very hard. 


5 Slightly softer than other two fruits. 


While the common thin-skinned sweet mangoes are badly infested when they ripen, 
many chutney mangoes and certain highly developed horticultural varieties of eating 
mangoes are less susceptible to attack, owing, in the one instance, apparently to a 
greater amount of ‘‘turpentine” in the skin, and, in the other, to a much thicker skin. 
Under forced conditions adults will oviposit heavily in chutney mangoes which, 
ripening on the tree, escape infestation. Three fruits of a ‘‘Chinese” chutney-variety ! 


1 For purpose of future identification it may be stated that one tree of this 


Wilder, of Honolulu. 


variety is grown by Mr. G. P. 
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said to be free from attack were exposed to adults in the laboratory and 219, 285, and 
222 eggs, respectively, were laid in them. To determine whether the confinement of 
different varieties of improved mangoes would throw any light upon their varie- 
tal susceptibility, the various combinations indicated in Table XI were placed 
in jars of ovipositing adults and allowed to remain 24 hours. This experiment 
was made possible by the gift by the Federal Experiment Station at Honolulu of 
fruits which had been protected from fruit-fly attack by paper bags. The extent of 
infestation under these forced conditions shows that the Piri, Brinda Bani, and Divine 
were least affected. The Divine and Brinda Bani are varieties so little attacked in 
the open that they are not protected by paper bags during development. It is inter- 
esting to note that the Piri, which is one of the very best eating varieties of mangoes 
grown in Honolulu, is the least susceptible to attack of the varieties used in the ex- 
periments with the exception of the Brinda Baniand Divine. The Black Alfonse and 
Cowasjee Patel grown at the Moanalua Gardens appear equally resistant with the Piri, 
and from these gardens Mr. 8. M. Damon has sent out many superb fruits of these three 
varieties, which reach maturity uninfested and unprotected. _ 


46. ELenert Tree (Mimusops elengi). 


The fruits of Mimusops elengi grown in Hawaii appear to belong to two varieties. 
Both are infested as they become fully ripe, but the glabrous variety supports many 
more larve than the pubescent variety (Pl. VIII, fig. 2). The fruits of both have a 
tough, firm outer shell, a mealy pulp, a proportionally large central stone, and are 
about three-fourths of aninch long. Of 34 fruits of the glabrous variety gathered from 
the ground during February only 7 yielded no adults. From the remaining 27 fruits, 
355 adults, or an average of about 13 adults per fruit, were reared. Of 15 fruits of the 
pubescent variety gathered from the ground at the same time, 8 yielded no adults, 
and 7 yielded 27 adults. From 10 fruits of the glabrous variety 17, 15, 13, 19, 7, 30, 21, 
22,19, and 2 adults were reared. 


47. Mock OranceE ( Murraya exotica). 


The small fruits of the mock orange or orange jessamine ( Murraya exotica) are pre- 
ferred hosts (Pl. VIII, fig. 4). From 1 to 3 larvee only are able to mature in a single 
fruit. Of 111 fruits gathered during March, 1914, 26 were not infested. From the 
remaining 85 fruits 148 adults were reared; 10 éruits yielding, respectively, 1, 1, 2, 3, 
2,1, 1,2, 1, and 3 adults. : 


48. Banana (Pl. XIV, XV, XVI). 


The banana export trade of the Hawaiian Islands amounted to 256,319 bunches 
during the year ended June 30,1915. For the most part, the shipments were composed 
of the chief commercial variety of Hawaii, the Chinese banana (Musa cavendishit), 
although a small number of Bluefields (Musa sapientum) entered into the shipments. 
With the appearance of C. capitata in Hawaii, it became imperative, therefore, to 
determine to what extent, if any, this established trade jeopardized the mainland 
fruit interests. Previous to the experimental work in Hawaii, the banana had been 
classed among the host fruits of C. capitata by officials of the Australian Common- 
wealth and by Gowdey ! of British East Africa without modifying statements. 

A critical review of the Australian literature seems to indicate that the positive 
references to the presence of C. capitata in bananas.should be questioned, as it is more 
than probable that the similarity in the appearance of fruit-fly larvee has led to a con- 


1Jn a letter to the writers dated July, 1916, Gowdey writes that his previously reported rearing of C. 
capitata from bananas was made under abnormal or laboratory conditions. Hesucceededinrearing adults 
. from overripe bananas infestedin the laboratory. He was not attempting to prove the immunity, or 
otherwise, of this fruit when green, although sufficiently ripe for the trade, and makes no claim that under 
field conditions the bananais a host fruit of this fly. 


Bul. 536, U.S. Dept, of Agriculture. PLATE XIV. 


REGULATING MEDITERRANEAN FRUIT-FLY CONDITIONS. 


As aresult of the regulation of the Federal Horticultural Board theunsanitary fruit-fly conditions 
about banana plantations have been corrected. Fic. 1.—A small Chinese banana plantation. 
At present, such guava bushes as areshown, and all other host plants about or in plantation from 
which fruit is shipped, are cut sufficiently often to prevent fruiting, thus removing the oppor- 
tunity for fruit-fly larvee emerging from fallen fruit (see insert) to become attached as pup to 
wrapping material and_be transported to California. Fig. 2—General surroundings of small 
banana plantations in Kalihi Valley, Oahu, from which fruit is shipped to California. The 
fruit fly is thoroughly entrenched on all the mountain slopes. (Original.) 
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THE MEDITERRANEAN FRUIT FLY AND THE BANANA INDUSTRY. 


Fic. 1.—Typical Chinese house and packing shed at small banana plantations. The rice straw 
and dried banana leaves used for,wrapping all export fruit are stored in open sheds similar to 
one illustrated to left of view. Fic. 2.—Ina bluefield banana plantation at Hilo. Note the 
dead dried leaves hanging to the trees; when these are thoroughly dry they are cut and stored 
for wrapping export fruits. (Original.) 
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THE MEDITERRANEAN FRUIT FLY AND THE BANANA INDUSTRY. 


Fic. 1.—Rice straw stacked in the open to be used as wrapping material for export 
bananas. Fie. 2.—Chinese bananas cut and cleaned, waiting inspection by officer 
of Federal Horticultural Board. Fie. 3.—Chinamen remove all split, overripe, and 
bruised fruits as the bananas are brought to the packing sheds from the field. ach 


bunch is thus cleaned previous to inspection as a safeguard to mainland interests. 
(Original.) 
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THE PRICKLY PEAR ASA Host FRUIT OF THE MEDITERRANEAN FRUIT FLY. 


Fic. 1.—Heavily fruiting plant growing on dry arid and waste lands of the Island of Hawaii. 
In many places this wild host, with the spiny Acacia, forms dense thickets in which the 
fruit fly can breed. Fic. 2.—A sample of dense growth of prickly pear along the road 
near Kailua, Hawaii. The seed pods of the algaroba tree (Prosopis juliflora) are not 
infested. (Original.) 


« 
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THE AVOCADO OR ALLIGATOR PEAR AS A HOST OF THE MEDITERRANEAN FRUIT FLY. 


Cross section of improved fruit. Noteslight infestation at stem and blossom ends. In- 
festation is not always general and usually does not interfere with local consumption. 
The slight infestations, however, have forced this fruit into the quarantine list, 
thereby ruining a profitable and growing export trade. (Original.) 
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fusion of other fruit-fly species. known definitely to attack bananas, with C. capitata. 
Illingworth, in 1913, reared the banana fruit fly (Dacus curvipennis Frogg.) from 
larvee taken in Sydney from bananas imported from Suva. Lea, in Tasmania in 1908, 
thoroughly familiar with the Mediterranean fruit fly as a result of the campaign for its 
eradication about Launceston, states that the Queensland fruit fly (Dacus tryoni Frogg.) 
only was found in bananas imported into Tasmania, and does not list this fruit among 
the host fruits of C. capitata. Broun states that, in 1906, Dacus tryoni was the only 
fruit fly reared from bananas imported during February and March into New Zealand 


from Fiji and Rarotonga. In the report of the biologist of Western Australia in 1898 


we read that a consignment of 50 cases of bananas supposed to have originated in 
Fiji, but more likely having been transhipped to Sydney from an original source in 
Queensland, had been destroyed at Freemantle because found infested by the Queens- 
land fruit fly. Quinn, in 1907, writes ‘‘after seven years experience with bananas 
* * * we have not yet found the maggots in green bananas. If green when arriv- 
ing here (South Australia), how very green indeed must they have been when cut from 
the trees about three weeks previous.’’ French, of Victoria, appears to be the only 
person in Australia who definitely makes the statement that he has reared C. capitata 
from bananas exported from Queensland into Victoria. Yet Tryon, of Queensland, 
in a conversation with the senior writer in 1913, stated that C. capitata had never been 
taken in the banana fields of Queensland. The inclusion of the banana among the 
fruits infested by C. capitata and intercepted at the entry ports of New Zealand by 
Kirk seems to have been an editorial error, as already pointed out in the paper on the 
banana as a host referred to below. From the foregoing references, it is possible to 
assume that the results obtained by the writers in Hawaii, where fruit-fly attack is as 
‘severe as anywhere, will be verified when opportunity is presented for such careful 
experiments in other countries as the commercial value of this fruit warrants. Because 
of the controversial statements of French and Severin it is desirable that Australian 
entomologists publish data secured in field experiments. 

Those particularly interested in the status of the banana as a host fruit are referred 
toa paper ! already published by the writers, giving experimental data from which the 
following conclusions were drawn: 


Since the Mediterranean fruit fly (Ceratitis capitata Wied.) .as not been found 
infesting the Chinese banana ( Musa cavendishit) or the Bluefield banana ( Musa sp.) 
during the three years that the Federal Government has had charge of the inspec- 
tion of export bananas in the Hawaiian Islands, it is evident that some reason exists 
for this practicalimmunity. Thisis the more apparent since adult flies of both sexes 
have been found present in all parts of banana plantations, and surrounding fruits 
known to be hosts have been heavily infested. 

This immunity is shown to be due to the fact that neither the egg nor the nearly 
hatched larva of the fruit fly can survive in the tannin-laden peel of green, though 
mature, fruit. In fact, the copious and sudden flow of sap from egg punctures made 
by fruit flies in unripe bananas renders the successful deposition of eggs in such fruits 
difficult and rare. 

The fact that not 1 of 1,044 fruits of the Chinese banana ripening singly and. pre- 
maturely among bunches growing in the field, and upon which, as in the case of 
other host fruits, one might expect gravid females to concentrate their attention for 
the purpose of oviposition, has been found to be infested, leads to the conclusion 
that even ripe bananas are not desired as host fruits by adult fruit flies under Hawaiian 
conditions. On the other hand, the rearing of flies from the ripe and yellow fruits of 
the thin-skinned Popoulu variety, as well as from ripe fruits of other varieties under 
forced and unnatural conditions, leads to the equally acknowledged fact that ripe 
bananas in the field may serve as hosts and should therefore be properly guarded 
against in all quarantine work. 

From the facts stated, the writers believe that bunches of any variety of bananas? 
now growing in the Hawaiian Islands, when properly inspected for the removal of 


1 Back, E.A.,and Pemberton, C. E. Banana asa host fruit of the Mediterranean fruit fly. Jour. 
Agr. Research, v.5, p. 793-804. 1916. 

2 As an added precaution against the spread of C. capitata to the mainland, cooking bananas of all 
types are excluded from the trade. 
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prematurely ripe, cracked, or partially decayed fruits, offer no danger as carriers of 
the Mediterranean fruit fly, provided they are wrapped and shipped in accordance 
with the demands of the trade and the Federai regulations. 

In addition to the data already presented by the writers, on the immunity of bananas 
during a 10-day period after the fruit is sufficiently mature for shipment during the 
- summer months, other experimental work has been carried out by H. F. Willard 
under the writer’s direction. This experimental work in detail emphasizes so well 
the immunity of well-grown bananas still attached to the tree but green in color, 
although many fruits on the same bunch have either cracked or ripened, that por- 
tions of the data are given herewith. The hands of fruit are numbered from the 
stem end of the bunch. ° ; 

On November 30, 1915, 14 bunches of Chinese bananas marked in the field at Moiliili 
for shipment within two days to California were requisitioned and held uncut for 
experimental work to determine how long during the winter months the bunches 
could hang after they were sufficiently ripe for the export trade and still ward off 
attack. A wire-screen cage containing 300 adult flies was placed over one bunch 
December 13-15, and three days after its removal an examination of the 131 fruits 
on the bunch, all green in color, showed 108 fruits to be free from attack. Of 
those attacked 20, 1, and 1 had respectively,3, 1, and 4 punctures, all of which con- 
tained no eggs and were more or less superficial; a single puncture in the remaining 
fruit contained two living first-stage larvee which later died. . 

A second bunch from which there had been cut on December 22 1 sound yellow 
fruit, on December 27, 2 sound and 2 cracked yellow fruits, and on December 29, 3 
cracked yellow fruits, was caged on the last date with 300 adults. On December 31, 
or one month after the fruit was sufficiently ripe for shipment, the cage was removed 
and on January 3 examined with the following results: 

Hand 1: 13 fruits; 7 green and puncture free. Six yellow, 2 puncture free; 
1, 1, and 2 had, respectively, 4, 2, and 1 empty punctures. 

Hand 2: 15 fruits; 10 green and puncture free. Five yellow, 2, 1, 1, and 1 
had 0, 2, 1, and 9 punctures. Punctures enipty but ones which con- 
tained 2 first stage larve that soon died. 

Hand 3: 15 green puncture-free fruits. 

Hand 4: 14 green fruits; 12 puncture free, 2 had 1 empty puncture each. 

Hand 5: 9 green fruits; 7 puncture free, 2 had 1 empty puncture each. 

Hand 6: 12 green fruits; 11 puncture free, 1 had 1 empiy puncture. 

Hand 7: 14 green fruits; 13 puncture free. One fruit had been bruised, so that 
it was yellow and had begun to decay on one side; it had 7 punctures, of 
which 2, 2, 1, and 2 contained 6, 1, 4, and 0 eggs, respectively. From this 
fruit 4 adult flies were reared. 

Hand 8: 7 green fruits; 5 puncture free, 1 with 3 empty punctures, and 1 with 
1 empty and 3 dead and 1 living first-instar larvee. Living larvee died in 
puncture. 

A third of the bunches marked November 10 was caged with 300 adults on January 
5, after 43 yellow bananas had been cut from the bunch. On January 7 the cage was 
removed and the bunch cut. An examination made on January 11 gave the follow- 
ing results: 

Hands 1 and 2: Fruits had ripened and been cut before caging. 

Hand 3: 4 yellow fruits, 3 puncture free. Remaining fruit had 2 punctures 
with eggs and eggshells. No adults were reared though the fruit was held 
over sand. 

Hand 4: 8 yellow fruits, 5 puncture free; 1, 1, and 1 fruits had 3, 1, and 1 empty 
punctures. 

Hand 5: 12 yellow fruits, 9 puncture free; 1, 1, and 1 had 3, 2, and 1 empty 
punctures, respectively. 

Hand 6: 13 fruits, 12 green and 1 yellow; no punctures. 

Hand 7: 12 green fruits, 11 puncture free; 1 had 2 empty punctures. 

Hand 8: 11 green fruits, 9 puncture free; 2 had 1 empty puncture each. 
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The results of the foregoing experiments, together with others on file, strengthen 
the conclusions quoted above that bananas cut, wrapped, and shipped according to 
trade and Federal regulations are not a source of danger as carriers of C’. capitata. 
Particular attention is called to the very slight infestation secured under forced con- 
ditions, even among fruits actually turning yellow on the tree. Many hundred adults 
would have been reared from favored host fruits similarly caged with adults. 


49. Noronhia emarginata. 


Noronhia emarginata is a native fruit of Madagascar and Mauritius. The writers 
have never found it infested, but Mr. E. M. Ehrhorn reared 24 adults from a sample 
of fruit during July, 1912. Mr. Ehrhorn is also authority for the rearing of adults 


from fruits grown on Kauai. 
50. Ochrosia: elliptica. 


The-shrub Ochrosia elliptica is grown because of the ornamental value of its scarlet 
fruits. These are occasionally infested. Thirty adult flies were reared from one lot 
_of 12 fruits maturing in the Punakou district of Honolulu, and 8 from one fruit grown 
at Waikiki. 
51. Prickty Pear (Opuntia vulgaris). 

Although the prickly pear (Opuntia vulgaris) grows wild (Pl. XVII) on waste arid 
lands in Hawaii, it is not a preferred host. From 23 overripe fruits taken from the 
ground during August, 1912, on Punchbowl, only 15 flies were reared, while no flies 
were reared from 28 similar fruits gathered at the same time. No flies were reared 
from 29 lots totaling 254 fruits collected in Pauoa, Palola, Makiki, Moanalua, and 


Kalauao during September—December, 1912. These fruits were all ripe, many too ~ 


ripe to remain erect on the plant, and some had fallen to the ground. From 8 fruits 
ripe, but erect on the plant, cut from plants on Punchbowl close to the Federal Experi- 
ment Station, 8 flies were reared; 10 fruits taken from the ground near the top of 
Punchbowl! at the same time (September, 1912) yielding only 1 fly. Of 8 lots of ripe 
fruits gathered from plants during December, 1914, from Ewa, Fort Shafter, Kalauao, 
Red Hill, Salt Lake Road, upper and lower Palolo and Manoa Valleys, totaling 118 
fruits, only 1 lot of 5 fruits from Ewa yielded 2 adults. 

Compere reports the prickly pear about Malaga, Spain, to be infested by C. capitata. 


52. Passion VINE (Passiflora coerulea). 


The fruits of only one species (Passiflora coerulea) of passion vines have been found 
infested by C. capitata in Hawaii. Infestation is by no means severe. At Haiku, 
island of Maui, a search among several hundred ripe fruits proved only two fruits to 
have been infested, and from these six adults were reared. While numerous fruits of 
different sizes have been found deformed by punctures on Oahu no adult flies have 
been reared. It is doubtful if this passion vine supports C. capitata except when 
growing luxuriantly in shaded localities. 

Fruits of Passiflora quadrangularis, edulis, laurifolia, alata and foetida have not been 
found infested. The common water lemon (P. laurifolia) found upon the markets of 
Hawaii is impervious to attack when ripe, as proved by hanging fruits in jars of adult 
flies. 

53. Avocano (Persea gratissima). 


The avocado (Persea gratissima), palta, or alligator pear asit is sometimes called (PI. 
XVIII), is one of the host fruits of C. capitata that become infested, if at all, late in 
their development. In fact, the nature of its infestation for most horticultural varie- 
ties is so obscure that the general belief prevails that avocados are free from attack. 
Previous to the introduction of C. capitata in Hawaii a small and growing export trade 
was being developed and, because of the excellence of the improved Hawaiian avocado, 


e 
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it promised to become a financial asset to the islands. Even since the quarantines of 
the Federal Horticultural Board stopped shipments of avocados to the mainland of 
the United States shipments have been made to the Philippine Islands in cold 
storage. The following data are the first ever published on the infestation of avocados 
and are given here to refute arguments for reestablishing the avocado trade on its 
former basis: + 

There are many horticultural varieties of the avocado growing in Hawaii, but there 
appears to be little difference in their degree of susceptibility to attack. The nutmeg 
or Guatemala variety is the only one free from attack when growing uninjured. Under 
forced laboratory conditions adults can not oviposit through its unusually thick rind. 
The skin of all other varieties of avocados, whether very thin or of usual toughness, can 
be punctured by the adult fly, as proved by the examination of many fruits. The 
avocado, like the ordinary pear, is best if picked when still hard and allowed to ripen 
in storage. 

If left on the tree too long, the fruits drop and soften on the ground. With most 
varieties it is not until the fruits are mature enough for gathering or dropping that 
adults oviposit in them. As they are sufficiently soft for eating purposes within two 
to four days after being cut from the tree, the larve are still very young, if not just 
hatched, and are to be found feeding close to the tough leathery rind. Their presence, 
therefore, is seldom observed by those eating avocados served whole or cut in half to be 
eaten with a spoon. When served cut in small pieces, with mayonnaise, the paring 
process usually crushes the small larval burrows on the outer surface of the pulp and 
the larve go to the table unobserved. As thousands of larve are thus consumed 
yearly in Honolulu alone, it may be well to state that they do no harm.’ Fruits in 
which the larve have become well grown are usually too soft for eating purposes. 

Several thousand fruits have been examined carefully by the removal of the skin. 
Of 1,027 fruits thus examined, picked from the trees at Wahiawa and representing 10 
separate lots of fruit, 173, or 16.8 per cent, were found to contain eggs or larvee; of 384, 
representing six lots of fruit picked from the ground at Wahiawa, 57 fruits, or 14.8 per 
cent, were infested. Notes on certain uninfested fruits show that of the green, varie- 
ties 354 were thick skinned and 75 were thin skinned; of the purple varieties, 254 were 
thick skinned and 101 were thin skinned. Of 120 infested fruits, 42 and 12 were green 
varieties with thick and thin skins, respectively, while of the purple varietics, 32 and 
34 were thick skinned and thin skinned, respectively. The considerably larger pro- 
portion of thin-skinned purple fruits found infested agrees in the main with observa- 
tions on similar fruits found on the markets. Eleven purple fruits of an early thin- 
skinned variety picked from the tree in the Makiki district of Honolulu had an average 
of over 41 punctures in the skin, no fruit having less than 12 or more than 119 punc- 
tures. A fruit of a second thin-skinned purple variety grown by Mr. G. P. Wilder, of 
Honolulu, known to be generally infested if the fruits are allowed to remain on the tree 
too long, was hung in a jar of adult flies for about 18 hours beside a fruit similar in 
appearance and degree of ripeness, taken from another tree. An examination after 
removal of the fruits showed 7 eggs to have been deposited in 1 puncture in 1 fruit 
while in the Wilder fruit 487 eggs had been deposited in 56 punctures. In a green 
fruit with a hard, tough skin exposed to adults for 5 hours, 32 eggs were deposited in 14 
punctures. One lot of 863 fruits of all varieties gathered by a fruit dealer from trees 
in upper Manoa Valley and the Punahou district of Honolulu were not infested, but 
these were picked several days earlier than they might have been picked. Avocados 
shipped rather green from the islands of Hawaii and Kauai to Honolulu (Oahu) were 
not found infested, but their freedom from infestation was due to the earliness of their 
gathering. Ten thin-skinned purple fruits grown at Waikiki and purchased in the 
market had an average of over 9 punctures per fruit, 1 fruit having 33 punctures and 


1 The writers have personally conducted experiments in which it is estimated persons have eaten 2,000 
eggs and young larvae in plums without injurious results. 
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only 1 being puncture free. Ten thick-skinned green fruits in the market from 
Kalauao had an average of 6.2 punctures, with no fruit puncture free; 4 of 6 thin- 
skinned purple fruits taken from the market were puncture free, the remaining 2 
fruits having 1 and 3 punctures, respectively. One thick-skinned green fruit picked 
by the owner and brought to the laboratory as an example of a fine fly-proof variety was 
found when examined in his presence to contain 230 eggs in 18 punctures. The 
details of the examinations of many hundred individual fruits are on file and open to 
those desiring further information on the infestation of avocados at the time they are 
offered for sale. ? 

In spite of the frequency of infestation as indicated above, the avocado does not 
appear to be a very satisfactory host for C. capitata when one considers its relatively 
large size and the number of adult flies that can be reared from it. The larval 
mortality is greater than in many preferred hosts. From thin-skinned purple fruits 
containing 119, 41, 29, 19, and 37 punctures, 4,7, 39,6, and Oadults were reared. Only 
36 adults were reared from a green-skinned variety known to have contained 230 eggs. 
From 1 fruit that had begun to wither on the tree, an unusual occurrence, 16 adults 
were reared. Forty-eight is the largest number of adults ever reared from a single 
fruit by the writers. Of 81 fruits of all varieties known to have been infested when 
placed separately in jars over sand, 39 produced no adults, while from the remaining 
42 fruits 570 adults were reared. No adults were reared from 427 fruits gathered pro- 
miscuously and placed in jars without examination to prove them infested. 


54. Date Pato (Phoenix dactylifera). 


Although thousands of fruits of the unimproved date palm (Phoenix dactylifera) 
ripen each year in Hawaii, the writers have found only one instance of infestation. 
Thirty-five green, but well-grown, dates collected August 11, 1913, at Ainahau, 
Waikiki, which appeared to have been affected by some disease that rendered them 
abnormally moist, yielded 2 adults of C. capitata. This was probably a chance 


infestation. 
55. STRAWBERRY Guava (Psidium cattleyanum). 


The strawberry guava (Psidium cattleyanum) is a preferred host, and the fruits are 
usually badly infested. From 96 out of 145 fruits picked March 16, 1913, 364 adults 
were reared, or an average of 3.8 perfruit. No fruit yielded more than 8 adults. From 
500 fruits an average of 4.1 adults were reared during April, 1913. From 90 fruits 
collected during February, 1916, an average of 4.8 adults per fruit were reared; 15 
fruits yielding 1, 3, 2, 11, 7, 7, 6, 5, 9, 7, 6, 2, 8, 6, and 18 adults, respectively. 


56-58. GUAVAS. 


The common guavas of Hawaii (Psidium guayava, P. guayava pomiferum and P. 
guayava pyriferum) are subject to general infestation. While the guava grows wild 
up to 4,000 feet elevation and forms dense thickets on the lower levels, even many 
miles from habitations (Pls. II, III), and isan ever-present source of adult flies, many 
statements previously published exaggerate the degree of infestation of individual 
_ fruits. The writers have never been able to collect samples of 25 miscellaneous 
fruits without finding some infestation; 14, 18, 15, 17, 10, 10, 10, 24, 7, 6, 6, and 6 
fruits collected at 14 places on the windward and leeward sides of Oahu on Sep- 
tember 9, 1914, yielded respectively 60, 46, 46, 107, 119, 11, 19, 4, 41, 1, and 2 adults. 
Each of 62 fruits, except 7, picked ripe from bushes at points along the Tantalus 
Road yielded adults; from 55 fruits 307 adults were reared. During January, 1916, — 
75 per cent of all fruits examined along the same road were found infested. From 
18 fruits collected May 30, 1913, from bushes near the Libby, McNeil, and Libby 
Cannery, windward Oahu, at sea level, 423 adults, or an average of 23.5 flies per 
fruit, were reared. Nine fruits collected between Wahiawa and Haleiwa, Oahu, on 
January 21, 1912, yielded 96 adults. The writers have never reared more than 34 
adults from a single fruit. 
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That it may be appreciated that, contrary to the belief of many, the wild guavas 
in the mountains back of Honolulu are a continual source of adult flies, particularly 
in midwinter, the following records were made: 


21 fruits picked on and near the top of Round Top, Tantalus, 1,100 feet eleva- 
tion, December 19, 1913, yielded 63 adults. 

24 si Re Pauoa Flats, 1,100 feet elevation, December 22, 1918, yielded 
69 adults. 

42 fruits from rim of Palolo Crater during December, 1913, yielded 362 adults. 

22 ae from top of east ridge, Manoa Valley, 1,000 feet elevation, yielded 100 
adults. 

50 fruits from head of Palolo Valley, 1,000 feet elevation, on January 2, 1914, 
yielded 84 adults. 


59. Pracu (Prunus persica). 


The peach (Prunus persica) is the most preferred of all host fruits grown in Hawaii 
and in other countries (fig. 3). While excellent peaches have been grown in the 
islands, at the present timescarcely a peach matures on the lower levels, and usually 
the fruits are utterly destroyed before they are more than half to three-fourths grown. 
From 128 fruits, about three-fourths 
grown, picked from the ground during 
April, 1913, 2,929 adults, or an average of 
about 23 adults per fruit, were reared. 
From 10 of these fruits 34, 12, 25, 8, 49, 
78, 64, 17, 6, and 54 adults, respectively, 
were reared. As many as 90 larve have 
been taken from a single fruit. 

The writers have on file data secured 
during experimental work on the infesta- 
tions of several thousand individual 
fruits, but they throw no additional light 
on the severity of peach infestation. 


60-62. NEcTARINE (Prunus persica var. 
nectarina), Apricot (Prunus armeni- 
aca), and Pium (Prunus spp.). 


Fie. 3.—Cross section of peach, showing the gen- 
eral shriveling of the walls of the egg cavity and 
the separation of the eggs. Drawing made 1% 
days after oviposition. (Authors’ illustration.) 


Varieties of Prunus spp. known as 
plums, apricots (fig. 4), and nectarines are 
reported well infested where grown in infested regions. These fruits are imported 
in season to Hawaii from California and have been easily infested under forced 
laboratory conditions. It seems probable that they will serve best as hosts when 
partially grown, as the excessive moisture content of the well-ripened fruits, par- 
ticularly of such varieties as the Japanese plums, causes a high mortality among 
young larve. 


63. PoMEGRANATE (Punica granatum). - 


The writers have never reared C. capitata from pomegranate. Mr. O. H. Swezey, 
of Honolulu, reared an adult identified by the senior writer as C. capitata from a fruit ~ 
partially decayed. The writers have examined many perfect and split fruits with- 
out detecting evidences of infestation. Compere records finding infested fruits in 
Asia Minor, and Trabut in 1901 reports infestation in Algeria. 


64. AppLe (Pyrus spp.). 


Only a few apple trees (Pyrus malus) are found growing in those regions of Hawaii 
sufficiently warm for C. capitata, hence the writers can offer no observations on the 
infestation of this fruit occurring in the field. Apples have been found infested in 
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South Africa and Australia by other investigators. Gurney, of New South Wales, lists 
the apple among host fruits occasionally infested. Wickens, in 1914, in western Aus- 
tralia, writes that ‘‘the apple growers who have been hoping that they would not 
suffer so severely as growers of soft fruits are now becoming seriously alarmed at the 
presence of fruit-fly punctures and larve in their export varieties of apples. For- 
tunately the two apple-producing centers of the State (Bridgetown and Mount Baker) 
are free from the pest.’’ Lounsbury, in South Africa, writes that ‘‘ordinarily only 
peaches, nectarines, and pears are severely infested, but last year apricots, figs, pears, 
plums, apples, and quinces were almost all attacked.’’ Newman states that in 
western Australia eggs deposited in undeveloped apples and pears rarely hatch and 
that if they do the larve die. The senior writer found apples grown throughout 
eastern and southern Spain quite generally infested during 1916. 

The writers have used apples extensively in 
their experimental work and have found 
them an excellent fruit for securing large 
numbers of larve and eggs for temperature 
studies. The firmer apples, if not overinfested, 
serve better than any fruit as a medium for car- 
rying the pest along within the laboratory 
for considerable periods. Some fruits become 
too moist and these are not satisfactory. For 
one type of infestation see Plate I, figure 2, 
and Plate XI, figure 2. 


60. Pear (Pyrus spp.). Fig. 4.—Small apricot, natural size, show- 


agit ing eggs of the Mediterranean fruit fly 
There are few pear trees grown in yards IN —genosited in five See (onieraal,) 


Honolulu. The fruits are generally and badly : 

infested, the interior often becoming badly eaten out by larve while the exterior 
appearsunaffected. Often fruits, entirely destroyed, may dry up and remain attached 
to the tree. Such a fruit is illustrated in Plate VII, figure 2. 


66. SANDALWOOD (Santalum freycinetianum var. littorale). 


Adults of C. capitata were reared during the summer of 1916 from the fruits of the 
native sandalwood by Messrs. O. H. Swezy and J. C. Bridwell. The infested material 
was taken from a tree growing about 50 feet above sea level at Waianae, Island of Oahu. 


67. EaerLant (Solanum melongena). 


The eggplant (Solanum melongena) has been found infested only once during four 
years by the writers. One hundred and fifteen fruits of all ages gathered from the 
vines in the Moiliili market garden during April 26-30, 1914, showed no infestation 
when examined May 2 to 5 by the removal of the skin. One thousand fruits in all 
conditions of soundness were examined by the junior writer during November, 1915, 
by carefully removing the skin from each fruit. In only one fruit were larvee found. 
These were well grown, several in number, and in tunnels immediately beneath the 
skin. Adults of C. capitata were reared from these larve. The senior writer has 
personally examined many fields superficially, but has never seen infestation due to 
either C. capitata or Bactrocera cucurbitae. 


68. Wi (Spondias dulcis). 


The ‘‘wi” (Spondias dulcis), a native tree of the Society Islands but common to 
the tropics of both hemispheres, is common in Honolulu and bears heavily. Its 
fruits are only slightly infested by C. capiteta. From 200 very ripe fruits gathered on 
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October 2, 1913, only 7 adults were reared. Four adults were reared from 33 ripe fruits 
in which many eggs were laid under forced laboratory conditions during December, 
1915, and January, 1916. The fruits usually ripen uninfested. 


69. Natau Prum (Terminalia chebula). 


The Natal plum (Zerminalia chebula) is well infested as the fruits ripen and has 
proved an excellent source of larve for experimental work. From two lots of fruit 
of 12 pounds each, 2,761 and 2,655 adults, respectively, were reared during October- 
November, 1915. 


70. TropicaL ALMOND oR WINGED Kamant (Terminalia catappa). 


The tropical almond or winged kamani (Terminalia catappa) is a preferred host. 
It is one of the most reliable sources for fruit-fly material in the Hawaiian Islands. 
The pulp, upon which the larve feed as the fruit ripens, is scarcely three-eighths of 
an inck thick. (See Pl. XIX.) Severin obtained from 25 fruits 1,380 larvee; 98 
larvee from one fruit. The writers have reared many thousands of larvee for experi- 
mental work. From 16 lots of fruit from different Honolulu localities collected dur- 
ing October, 1915, totaling 1,531 fruits, 10,005 larvee developed. From 3,902 fruits 
collected from 28 localities during November and December, 1915, only 11,481 larvee 
developed. It remains to be seen whether the scarcity of larve in the fruits develop- 
ing during late 1915 was due to the work of parasites or to other causes. 


71. Bestiwy (Thevetia neriifolia). 


The bestill or yellow oleander ( Thevetia neriifolia) is never infested until it begins 
to turn black when ripening. Until then it is excellently protected by its white 
sticky sap which exudes rapidly from any slight abrasions in the epidermis. The 
pulp is quite dry and pithy and often escapes infestation, particularly during dry 
spells. When the fruits ripen very slowly during colder weather and fall to damp 
shaded spots, as many as 38 adults may be reared from a single fruit. In Bermuda, 
in the absence of an abundance of other hosts, the Thevetia was found very badly 
infested with unusually large larve during December. In Honolulu many fruits 


ripen uninfested. 
72. GRAPE ( Vitis labrusca). 


The Isabella grape (Vites labrusca) is the only grape grown in any quantity in 
Hawaii. The fruits mature and are sold on the markets and appear to be entirely 
free from fruit-fly attack. This variety of grape is, however, subject to slight attack. 
One fruit inspector detailed to collect suspicious-appearing fruits brought to the office 
978 berries as the result of a 4-day search. A careful examination by H. F. Willard 
of these with a hand lens revealed five well-grown larve in two lots of fruit totaling 
201 berries. Two of the larve died, but the other three developed into adults identi- 
fied as C’. capitata. 

Newman, in western Australia, states, in 1912, that he found C, capitata frequently 
in grapes, yet in 1914 he writes that at Crawley little or no sound fruit had been picked 
for years except grapes. Lounsbury, in 1907, states that he found grapes only slightly 
infested in South Africa. Whatever the degree of infestation is elsewhere, in the 
Hawaiian Islands it is so slight that it is never noticed in the vineyards where fruit is 
grown for the production of wine or where fruits are ripening for table purposes on 
isolated vines growing in badly infested districts of Honolulu. Excellent bunches oi 
grapes are picked within a few feet of badly infested peaches. 
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A Host FRUIT OF THE MEDITERRANEAN FRUIT FLY. 


Fic. 1.—A large winged kamanitree (Terminalia catappa) with a 6-foot man standing be- 
neath for comparison. The fruits of this species are badly infested and, because they 
ripen and fall in large or small numbers during the entire year, greatly interfere with 
successful clean-culture work. Fic. 2.—The nuts are from 2 to 2.5 inches long; the 
fruit-fly larvee feed only on the thin pulp covering the nut. (Original.) 
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LIFE HISTORY AND DESCRIPTION. 
THE EGG. 


DESCRIPTION. 


The eggs (figs. 3-6) are glistening white, about 0.945 mm. long, 
elongate elliptical, and often more convex on the dorsal side. 


DURATION OF EGG STAGE. 


Martelli gives the duration of the egg stages at Portici, Italy, as 
2 days in August and from 4 to 5 days in October. Newman states 
that in Western Australia eggs hatch in from 
2 to 4 days during summer and in from 14 to 
19 days during winter. Mally, in South Africa, 
found the egg stage to be from 2 to 4 days in 
midsummer. Other data have been published 
but give no additional information and, being 
unaccompanied by temperature records, may 
be omitted. Newman appears to be the only 
investigator who has made an effort to secure 
data for the winter period. 

In Honolulu, or littoral Hawaii in general, 
the length of the egg stage is very short, and 
agrees with the minimum periods indicated by 
writers in other countries. In Table XII are 
recorded data on observations on 4,066 eggs 
secured at Honolulu, which indicate that the 
largest number of eggs hatch in from 2 to 
3 days after deposition during the hottest je. 5 section of grapefruit 


weather. Atamean temperature of 79° F.,208 tind, showing two egg cavi- 
h h A : ties, one in cross section. 
eggs atched in Drawing made one week after 


from 49 to 51 fruit was picked. Note coni- 
ii f cal elevation about the egg 
Ours alter cavities left by the withering 


deposition, of the rind; also the thick- 
ened walls of the egg cavity 


while 79 and the single larval channel 
h atch e d in in the rag. (Authors’ illus- 


sated from 52 to 53 7"? 
Fic. 6.—Cross section of peach, showing egg E 
cavity of the Mediterranean fruit fly with hours, and 3 in from 53 to 54 hours. 
eggs. Drawing made directly after oviposi- Wt mean temperature of 72.9° F 
tion. (Authors’ illustration.) ; a 
134 eggs hatched between 49 and 54 
hours after deposition, although 12 eggs depositéd at the same time 
did not hatch until from 66 to 72 hours later. At a mean of 71° F., 
695 eggs hatched within 72 hours, while 3 hatched in from 120 to 
144 hours, or about 6 days after deposition. At a mean of 70.5° F., 
437 eggs hatched in from 77 to 83 hours after deposition and 227 


after a period of 83 to 91 hours had elapsed. At a mean of 69.8° F., 
81340°—18—Bull. 536-4 
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356 eggs hatched after a period of from 84 to 91 hours, 216 after 91 
to 92 hours, 127 after 92 to 93 hours, 33 after 93 to 94 hours, 8 after 
94 to 95 hours, 5 after 95 to 96 hours, and 3 after 104 to 106 hours. 
Kighty-eight eggs hatched between 4 and 4.5 days after deposition 
at a mean temperature of 68.7° F. 


TABLE XII.—Duration of the egg stage of the Mediterranean fruit fly at Honolulu under 
normal conditions. 


2 


eee Average 
under Eggs deposited. Eggs hatched. pee 


temper- 
poeta ature. 


88 | Jan. 21-22,4 p.m.to10a.m-.......... Jan. 26, 6a, 24. CO/3 Das oes sr ey 68.7 
350 | Mar. 9, 10a. m. fo 12m. oot Mar. 12-13, 4.30 p.m. to 8a. m...........- 70.2 
102% Mar. 27-a4m. to 1 p.m... 85.3. - 28 Mar.:30) a. MSE oe oa Sa sos ee eae - 71 
695 |..-.- (Ph =, ee ere einer feat eet Mar: 30,4: m1. to Marjol, a. Meee teen e- 71 

a eee de Eee Sea eevee chs fe mae er, 31-Apr. 1,9a.m. to 8a. m-.......... 71 

Balen Sd OL Seer ne ence ee eee memes Aprel, 2pi I 10 Sates sopeecicee see 71 
176 iiay. 12-5, 3p.m. tod2m-_F foe BY,15,,0Mcn- fp rent rebeee coop ere 75 
Fi Bhi ts 5 os a el gen et Seam May 15—16, 2'p) nts OS aawiles oe eee ean 75 

44 saueiee 130803. 30 pW. = shee ona June 20-21,6p.m.to8a.m-.......-..-... 77 

90 | June 19, 1am. tol penie: 5 ease June 21-22,6p.m.to8a.m-....-......... 76.6 
77 | June 20,9a.m.to4p.m..-............ June 22-23,6 p.m. to 7.30a.M-.-....--.--.. 77 
63 | June 24, 1.30 to 4.30 p. m.....-........ June 26-27, 4.30 ps3 
foe ” 3.30 to 4.30 p. m. ee ..-| July 17, 4.30 to 6 


Sania ameeepian. 22ne (ot TTer ct, i 79.7 
waa Ape. tO,9)a. Moe oe Nov. z 75.5 


While eggs hatch in from 2 to 6 days after deposition in any fruit- 
growing section in the Hawaiian Islands, they may require a much 
longer period for development under colder weather conditions. In 
the course of experimental work, the writers have secured data 
showing that under varying conditions of temperature the duration 
of the egg stage may be extended to at least 25 days. In Table XIII 
data of special interest, as indicating how dependent embryonic 
development is upon temperature, are recorded. 

All of 131 eggs one day old when placed at Puulehua, where the 
temperature ranged between 39° and 89° F., with a mean of about 
52° F., were still unhatched after 16 days at Puulehua, after which 
they were taken to Kealakekua, where they hatched the following 
day, or when 18 days old. 

Twenty-three eggs deposited in apples at Kealakekua, Kona, © 
Hawaii, at about 1,100 feet elevation, on February 9-10, 1915, and 
taken on February 11 to the summit of Hualalai, 8,250 feet eleva- 
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tion, where the temperature ranged between 30° and 62° F., with a 
mean of 46° F. for the period of observation, were still unhatched 
after exposure for 14 days. After 14 days on Hualalai eggs were 
carried in their host to Kealakekua and there hatched on February 
27, or 17 to 18 days after they were deposited. 

Additional information on the duration of the egg stage has been 
secured under cold-storage conditions. Eggs hatch in refrigeration 
at temperatures ranging between 54° and 62° F. Five eggs depos- 
ited August 15-16 and placed in a refrigerator at 54° to 57° F. on 
August 16 hatched within the refrigerator on August 23, or in from 
7 to 8 days after deposition; 19 eggs deposited at the same time 
were removed unhatched on August 23 but hatched on the 24th, 
outside the refrigerator, or 8 or 9 days after deposition. A single 
ege also deposited on August 15-16 and similarly placed at-54° to 
57° F. had not hatched by August 30, when it was removed to nor- 
mal temperature, where it hatched within 24 hours, or 14 or 15 days 
after deposition. Thirty-two eggs deposited on July 15-16 and 
placed on July 16 at 58° to 62° F. hatched in the refrigerator on July 
20 or in from 4 to 5 days after being deposited, whereas 6 eggs of the 
same lot were unhatched in storage on July 24, after which they 
were removed to normal temperatures where they hatched on July 
25, or 7 to 8 days after deposition. Eggs deposited on February 
11-12, and placed at 48° to 52° F. on February 12, failed to hatch at 
this temperature, but 20 removed after 14 days hatched within 16 
to 17 days after deposition; 11 removed after 19 days hatched within 
21 to 22 days after deposition; while 1 removed after 22 days of 
refrigeration hatched on March 8, or 24 to 25 days after deposition. 
The examination of a second lot of fruit containing 1,853 eggs, de- 
posited during a 24-hour period before they were placed at a tem- 
perature of 48° to 53° F., showed that one egg hatched in storage 18 
days after the inward date and after 24 and 27 days of refrigeration 
64 and 56 first-instar larve had hatched and died in the punctures. 
Of these 1,853 eggs, 1,014 removed after refrigeration for 18 to 27 days 
were dead; of 115 removed to normal temperatures after refrigera- 
tion for 16 days, 35, 25, and 9 hatched in 17, 18, and 19 days, re- 
spectively, after deposition. Eggs deposited during a 4-hour period 
were placed immediately at 49° to 56° F.; after refrigeration for 21 
days, 1 living and 7 recently dead first-instar larve and 51 unhatched 
eges were found. Of other eggs deposited at the same time but 
held at normal temperatures for from 44 to 47 hours before being 
placed in storage, 8, 12, and 48 had hatched after refrigeration for 
16, 19, and 21 days. One egg, two days after deposition, was held 
in storage at a temperature of from 40° to 45° F. for 20 days (June 
27 to July 17), when it. was removed to normal temperatures where 
it hatched three days later, or 25 days after deposition. One egg 


SS 
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placed in storage at 26° to 30° F. when one day old, and held at this 
temperature for 7 days, hatched three days after removal, or 11 
days after deposition. 
TaBLe XIII.—Duration of the egg stage of the. Mediterranean Fruit fly under low tem- 
perature conditions. 
é Cold-storage dates. | . Temperatures. 
; Num- 
Number of So Pe Length 
eggs under Eggs deposited. nee da teti ofegg Range Midant 
observation. Inward. |Outward. storage.) Stage. in outside 
storage. | storage. 
Go out. 
AO") Fully G 1913 22 2222 July 7|July 8/July 9 1 3 26-30 78 
pews Deseo mdaoshens|pce00..2.5| July Aol ole 2 4 26-30 73 
UR Be GO eee leee do! 25. 24d 0.26 2 July 12 ple 6 26-30 78 
mee DO ne cider ne |c Osa. | JULY Sul sae Oneeee 1 6 26-30 78 
"388 | Nov. 3, 1914....... Nov. 4{| Nov. 8 | Nov. 10 4 Berita: 26-30 76.5 
6 | June 30, 1913...... July 2)|July 8)July 9 6 9 26-30 WW 
1 | Nov. a 1914... _.. Nov. 4] Nov. 11 | Nov. 14 7 11 26-30 76.5 
520 | Sept. 25, 1914...... Sept. 26 | Sept. 28 | Sept. 29 2 4 32 77.6 
AS eS dor 2s eae do..... Sept. 30 | Oct. 2 4 a 32 77.6 
nine Oi se oss- Be Onsen Chae OCumen 9 12 32 77.5 
21 | Sept. a 1 Es pir ae Sept. 9 | Sept. 17 | Sept. 19 drives 12 33-34 79.5 
7) ASA (a EP, Sess 2 lee do..... doe. .2 Sept. 21 8 14 33-34 78.9 
242 | Nov. 16, 1945 eee Nov. 17 | Nov. 25 } Nov. 28 8 12 36 69. 5 
Bul aust Oe ecero a Sarr doe Gon asi Nov. 27 | Dec. 1 10 15 36 70. 4 
5 ru 1913.. July 5|July 8|July 9 3 5 33-38 77. 2 
Ao dO. ce eee Govsces July 9} July 12 4 8 33-38 77.4 
18 4 Soa de aia 5) sae Goi. July 16 | July 18 11 14 33-38 78. 2 
1| July 17, 1913.......| July 18 | Aug. 1] Aug. 4 14 18 33-38 78.9 
1 June 25, 1O1S ee June 27] June 30 | June 30 3 5 38-45 77.8 
3: eee! Ce Ns Sa weemie e | Leelee dov.ty.|-.-dOsasee July 2 3 ib 38-45 77.6 
| ee Ce ieee Secs dors: July 5|July 6 8 11 38-45 77.3 
i ee Ce Bae ae 5 a ager ae Go. sae July 8 | July 10 11 15 38-45 77.4 
oi Owen eee aloes Gorse July 14} July 15 17 20 38-45 Leif 
‘1 a6 ee See ee | aie cio) eee July 17 | July 18 20 23 38-45 77.9 
Th a ae 6 0 ea ly a el | Goren. Be oh ae July 20 20 25 38-45 77.8 
20 | Feb. tic 12, 1915 Feb. 12 | Feb. 26 | Feb. 28 14 16-17 48-53 69. 8 
iif Gal becaes b aa ges  at| Gols Mar. 3 | Mar. 15 19 21-22 48-53 70.5 
fT) et (08 ee eee, ele Gowen. Mar. 6/| Mar. 8 22 24-25 48-53 70.6 
i9 |} Aug. 46, 1914 Aug. 16 | Aug. 23 | Aug. 24 7 8-9 54-57 79.1 
7a |e aeee Pes wdateee ee med dost (1) Aug. 23 7 7-8 54-57 79.1 
Herendeen comere eels d0tsac Aug. 30 | Aug. 31 14 14-15 54-57 79.1 
32 | July 1516, 1914. jay 16 (@) July 20 4 4-5 59-62 79.5 
Al beae 12 ea REN ee July 23 | July 24 7 7-8 59-62 79.5 
172 SPP 9,11 a.m. to Sept. 8, () Sept. 16 7 7 79. 2 
m. 3p.m. 
23 Rabe 9-10, 1915....] 2Feb.11 | Feb. 25 | Feb. 27 |........ 17-18 430-62 69. 4 
131 | Feb. 20, 1915...... NODS 2la|seener ere Mar: 26) |Secaes ea 14 539-89 67.8 
1,720 
1 Fruit not removed. Eggs hatched in storage. | 
“f Not placed in cold storage, but exposed to normal tmperatures at summit of Mount Hualalai, 8,200 feet — 
elevation. ; 
3 Not placed in cold storage, but exposed to normal temperature at Puulehua, about 4,500 feet elevation. — ( 
4 Mean temperature about 46° F. - 
5 Mean temperature about 70° F. ; 
These data, together with those recorded in Table XIII, demon- : 


strate the great variation, from a fruit-fly standpoint, in the duration 
of the egg stage. 


THE LARVA. 


DESCRIPTION. 


A clear idea of the general shape of the larva or maggot of the © 
Mediterranean fruit fly can be gained by reference to text figures 7 — 
and 8, and Plate XIII, figure 1. When first hatched from the egg, — 
the larva is about 1 mm. long but increases in size to from 7-8 mm. 
long when full grown. Each larva passes through three well-defined 
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instars. While normally white im color, it may appear creamy yel- 
low, pink, or with colorations of red or black, according to the nature 
of its food, which shows through the semitransparent body walls. 
First larval instar (fig. 8)—Length about 1mm. The first-instar larva is so small 
that it is seldom observed. Aside from its size, it is most easily distinguished from 


the succeeding instars by the absence of anterior spiracles. The tracheal system in 
this instar opens to the exterior only at the posterior spiracles, and consists of two main 


Fic. 7.—Third-instar larva of the Mediterranean fruit fly: a, Lateral view of entire larva; b, dorsal view of 
anterior portion; c, lateral view of same; d, ventral view. (Original.) 


trunks extending the full length of the body. The posterior stigmatic plates, the 
outer edges of which are about 0.061 mm. apart, have two instead of three slits, as 
illustrated in figure 9, a. The mandibles or mouth hooks are not conspicuous and are 
of the shape indicated in figure 10, a. 

Second larval instar —In size the second larval instar is sufficiently large to be dis- 
tinct from the first instar, but not from undersized third-instar larve. It may, how- 
ever, be easily distinguished from the third instar by the shape of the anterior spiracles 


Fic. 8.—First-instar larva of the Mediterranean fruit fly, showing one of the two main tracheal systems 
opening at the posterior spiracles. (Original.) 


(fig. 11, a), the mandibles (fig. 10, 6), and posterior spiracles (fig. 9, 6). The distance 
between the outer edges of the stigmal plates is about 0.13 mm. 

Third larval instar —The third-instar larva, which is about 7 to 8 mm. long, may 
be distinguished when well grown from the two preceding instars by its jumping 
habit when removed from its host, by the well-defined mandibles or mouth hooks 
(fig. 10, c), and by the prominence of the posterior spiracles. The anterior spiracles 
possess from 9 to 10 lobes (fig. 11, 6) and are borne on the second segment as in the 
preceding stage. The posterior stigmal plates each bear three slits arranged as illus- 
trated and are armed with four batches of delicate inconspicuous hairs (fig. 12). 


The dotted lines of figure 12, indicate the general shape of the terminal chambers of the 
tracheal system. The body is composed of 12 distinct segments, the last of which bears 
the posterior stigmata upon the upper distal portion and the anus before the center 
of the venter in the middle of a rounded tubercle (fig. 7, a). The head when viewed 
from above or below is bilobed; each lobe bear- 
ing a distinct antennal protuberance; the dorsal 
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H € \ } ad | : and more distal one terminating in a short incon- 
‘. % ripe / _ spicuous arista; the more ventral one less anten- 
canes ee nalike and without a terminal arista (fig. 7, b, ¢, 
Sead. & d). Mouth hooks sheathed (fig. 7, d). Body 


armed only with inconspicuous spicules ar- 
ranged in broken bands forming fusiform areas 
on the venter of the 4-12 segments; portions of 
the head and an irregular rind upon the anterior 
portion of segments 2 and 3 armed with similar 
spicules. There are no distinct fusiform lateral 
areas of spicules. ; 


DURATION OF LARVA STAGE. 


Fig. 9.—Posterior spiracles of larve of the " P 
Mediterranean fruit fly: a, First-instarlar- The duration of the larval instars has 


vee; b, second-instar larvee. (Original.) been variously giv en by many writers. 
Martelli found that larval development at Portici, Italy, required 
from 9 to 10 days during summer, 11 to 12 days during early autumn, 
and 15 days during November and December. Severin found that 
larve matured in the winged kamani (Terminalia catappa) in from 8 
to 17 days. Newman states that from 14 to 16 days durmg summer 
and 25 to 45 days during winter in Western Australia are the periods 
required for development. Other data might be given but they add — 


ce 


Fia. 10.—Mandibles of larva of the Mediterranean fruit fly: a, First-instar larva; b, second-instar larva; c, 
third-instar larva. (Original.) : 


nothing new to the foregoing information. Norecords previously pub- | 
lished except by the writers have been accompanied by temperature _ 
data, hence they can not be satisfactorily interpreted. : 

In Honolulu larval life t is completed within 5.1 to 26 days. The | 
data in Table XIV indicate_the variation found in the developmental 


1 Back, BE. A., and Pemberton, C. E. Life history of the Mediterranean fruit fly from the standpoint of 
parasite introduction. Jour. Agr. Research, v. 3, no. 5, 1915, p. 363-374, 
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period. During June when the mean temperature was 77.6° F. two 
larvee completed their entire development in 5.1 and 5.5 days, respect- 


ively, but they were transferred daily 
to fresh pieces of ripe papaya and thus 
were surrounded by the best of condi- 
tions. However, other larve equally 
well cared for and similarly fed and 
transferred did not reach maturity 
and pupate until 6.7, 12, and 14 days. 
Ordinarily larve complete their devel- 
opment in from 6 to 10 days at an aver- 
age mean temperature of 76° to 79° F. 

During the cooler part of the year, 
when the average mean temperature 
is about 69.6° F., larve transferred 
daily to fresh ripe papaya did not be- 
come fully grown until 9, 10, and 14 
days old, while at about the same tem- 
perature 18, 12, and 1 larve required 
10, 11, and 15 days for development 


in a green half-erown peach. Atamean temperature of about 70° to 
71° F., 12, 14, 3, 1, and 1 larve pupated 14, 16, 19, 22, and 26 days, 
respectively, after hatching. Larve hatching durmg December 25 to 


Fig. 12.—Posterior spiracles of third-instar larva of the Mediterranean fuit fly. (Original.) 


26 in a very firm textured apple required 19, 25, and 35 days for 
development when the mean temperature averaged about 68° F. 
Four and 3 larve became full grown in 6 and 7 days, respectively, in 
a ripe soft peach at a mean temperature of from 77° to 78° F., whereas 


_ larva; 6, third-instar larva. (Original.) 


Fig. 11.—Anterior spiracles of larva of the 
Mediterranean fruit fly: a, Second-instar 
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under identical conditions 6 larve required 9.5 days in a ripe but still 
hard peach. 

All data secured by the writers indicate that durmg the warmest 
portions of the year larval development progresses rapidly and fairly 
uniformly. With the approach of colder weather larval life is not 
only lengthened but subject to considerable and entirely unexplainable 
variation, even with larve hatching at the same time in the same 
fruit, especially if the host fruit happens not to be in the best condi- 
tion to support larval life. The three larve requiring 19, 25, and 35 
days for development in a very hard apple furnish a good example. 
In Table XV are recorded data showing the ability of cold weather 
greatly to increase larval life. 

The data in Table XIV indicate that under favorable conditions as 
regards temperature and host the first larval instar is passed in from 
26 to 48 hours, the second in 24 to 48 hours, and the third in 48 to 265 
hours. It is profitable, therefore, to compare these and other data in 
Table XIV with the data of Table XV. 

At an elevation of 8,250 feet, on the summit of Mauna Hualalai, 
Hawaii, where the temperature ranged between 27° and 73° F., 
but averaged for the period about 48° F., the first larval star was 
found to range up to 57 days. THighty-nine larve in apples were 
found still in the first instar after 30 days, 3 after 46 days, 7 after 54 days, 
and 1 afterexposure for57 days. Thirty-three larvezin the second instar 
placed on Hualalai were still in this instar after 32 days, and 1 after 54 
days. At Strawberry, Hawaii, a ranch station, where the temperature 
ranged from 39° to 79° F., 49 first-instar larvee were found still in 
this instar after 27 days and 19 after 29 days. At Kealakekua, 
where the temperature ranged between 58° and 80° F., with a mean 
of about 68° F., three larve in apples required 28, 58, and 74 days to 
become fully grown and to leave the fruit to pupate. 

In cold storage under what may be called artificial conditions, 
larval life may be variously prolonged. Thus one second-instar larva 
and one third-instar larva in peaches placed in storage at temperatures 
varying from 40° to 45° F. were found still in those instars at the 
end of 29 and 45 days, respectively, while check larve at the labora- 
tory in the same species of host fruit completed their entire develop- 
ment in from 6 to 9 days. Three third-instar larve in apples placed 


in a refrigerator at temperatures varying from 48° to 52° F. were ~ 


still active after 60 days and one was alive after 79 days. In a 


second refrigerator at temperatures ranging from 58° to 62° F., 


larve completed their development and pupated in 24, 36, 40, 44, 
and 50 days. 


“7 uae ee 


MEDITERRANEAN FRUIT FLY IN HAWAII. 


57 


TaBLE XIV.—Duration of the larva stage of the Mediterranean fruit fly in Honolulu. 


Num- 
ber of 
speci- 
Host fruit. | mens 
under 
observa- 
tion. 
Papaya 3 
DOs. it 1 
DOS Ls 2 
Doe eae 1 
DOES ss 1 
DOU 1 
IDOSeee. os 1 
Oss eee 1 
Oe. sae. = 1 
DOs: 2. - 2% 1 
DOVE 1 
DOs 22.2 1 
Deere 2 
ID Yo lS eae 4 3 
DOM eornc 1 
ID Rees Shs 1 
Dose. aes 1 
Doses 17 
Dot eete7t 2 
Green peach 2 
Ripe i hard 6 
peach. 
Ripe soft 4 
each. 
OPLees Je 3 
Green peach 18 
LD Xa epee 12 
Dots.2 2334 1 
Commercial 12 
lemon. 
IDO seek 14 
Dow: .-3 3 
Dory. 1 
ei we RAPE LE 1 
pplees- 1 
Dorey). 1 
AB) Oa 1 


Larva 
hatched. 


Dec. 19, 9 to 
10 a. m. 


Molted into 
second stage. 


Dec. 21, 2 to 
4p.m. 


.| Dec. 21, 4 to 


ee ee 20, 1 to 


4p.m 
June 20-26, 4 
p. m. to 8 


Molted into Larva 
third stage. pupated. 
Dec. 28, 4 | Dec. 28,12m. 
p.m. 
al Deca 23 n10)| DCCs 2850 14 
a. m. to 2 a.m. 
p. m. 
Dec. 23, 4 to |.-.... do. 3 
10 p. m. 
-| Dee. 23, 10 | Dec. 28, 12m 
a. m. to 2 
p.m. 
.| Dec. 23, 4 to | Dec. 28, 10 
10 p. m. .m. 
F nee A 2.45 | Dee. 28, 11 
a.m. 
2 ec "23, chiKoMledaae do.. 
10p.m 
age don =} |) Deca2812me 
.-do. .| Dec. 29, 4 
a.m. 
Dec. 23-24,10 | Dec. 29, 3 
p. m. to 6 p.m. 
a.m. 
Sapo do. .| Dec. 29, 12 m. 
salt 34 GO eeeeee uals pains 
June ay a.m. supe a.m. 
SEO (Osa yee a a 2225 
June 21-99, 4| July l,a m. 
p. m. to 8 
a.m. 
eae OOS socl) Uiblhy st Gla ea). 
Speciale do........| June 25, p.m. 
area! do... Bee Ose 
Tiss do........| June 26, a.m. 
Bese Romance Ue ee 
ELE Dees U8 ApihysS eee tee 
PN cd ee ea JulyeGseceeee: 
Toe a Rn Seth duly 23eseoeer 
SRO erie ae duly Beata se 
eee Ea ae | Apr. 10.. 
Ch sees SE ae Apr ieee 
REBECA SE R183 ie Apr. 15.. 
er aacete Mar. 27... 
Sew eRIee aOR Se Mar. 29.. 
Eo tekeea 54 Apres 
Bee oes nicks caer ae Apr. 4.. 
Beg te ee ane se 4 ADTE St AM: 
DEES sere ait Jan. 13,1915. . 
be ahh See ee Jan. 19, 1915. . 


Jan. 30,1915. 


9 


ore 


Temperature 
of develop- 
mental stage. 


Range. |Mean. 


CIN dM, 
61-78 | 69.6 
61-78 | 69.6 
61-78 | 69.6 
61-78 | 69.6 
61-78 | 69.6 
61-78 | 69.6 
61-78 | 69.6 
61-78 | 69.6 
61-78 | 69.6 
61-78 | 69.6 
61-78 | 69.6 
61-79 | 70 
71-83 | 77.6 
71-83 | 77.6 
72-83 | 77 
72-83 | 77.1 
72-83 | 76.4 
72-83 | 76.4 
72-83 | 76.6 
72-83 | 77.2 
72-83 | 77.2 
72-83 | 77.4 
72-83 | 77.8 
72-83 | 77.7 
61-77 | 69.6 
61-77 | 69.8 
61-82 | 71.0 
57-80 | 70.2 
57-80 | 70.3 
57-80 | 70.5 
57-80 | 70.4 
57-80 | 70.4 
67-81 | 71.6 
67-81 | 71.1 
67-81 | 70 


The data recorded in Table XV only indicate the possibilities in 


lengthening larval life. 


the larve recorded were found alive. 


Except at temperatures from 58° to 62° F., 
none of the larve would have been able to mature had they been 
kept at the temperatures recorded. The data merely bring out the 
fact that upon the examination of the host fruits after so many days 


A very large percentage of the 


larve within the same fruits were dead, but this mortality, due to 
exposure to cold for prolonged periods, is discussed elsewhere. 
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TABLE XV.—Showing ability of low temperatures to lengthen larval life of the Mediter- 
ranean frurt fly. 


Te ture: 
an | | PORES Trang tno 
sPeier ob. | 2nstar. Locality. instar oF 


servation. Range.| Mean. instars. 


oF, oF Days. 


ew StOTapOr ssh. eet tees ee se cee eee ene ee | 


_ 


Refrigerator No: Vo) 2. Shes os ceca ceseae dase ce sneeeins | 


Refrigerator NO} 3.03. ch: is fcxlseeacscs stones neceeere 


Kealakekuatg «<.2% Sc SOs Bete ola nce ce detec seeeeree eee 


| 
| 


Pret ft fet fe et 


at 019 pod OO pat Pe pa fe ak CD tf at pat Pat 9 Pe Pa 


ies) 


33 


Pyle hiia: Mrs 2s <a ASE aie mele btw ae bericle eee een ell eee Geer 17 


esa Fy ee ee tee RARE Os Sine 39-79 |.....--. 27 


1 Jn securing these data apples were used as host fruits in all but the first four records for cold storage, 
for which peaches were used. 

In spite of the ability of cold temperatures to prolong larval life 
greatly beyond the usual period required for development during 
warm Hawaiian weather, it is interesting to record that individual 
larvee whose development has been slowed down, or even practically 
suspended, will continue their development normally when returned 
to warmer temperatures. Thus one second-instar larva which had 
been held for 54 days on Hualalai on being taken to Kealakekua on 
March 26, where the mean temperature was about 66.8° F., and then 
to Honolulu on March 29, molted into the third instar on March 30. 
A second larva placed on Hualalai just after hatching and kept there 
until March 17, or 45 days, on being taken to Kealakekua molted 
into the second instar on March 21, into the third instar on March 
24, pupated March 28, was taken to Honolulu on March 29, and 
emerged as an adult on April 10. 


PUPA. 
DESCRIPTION OF PUPARIUM. 


Puparium (Fig. 18, a, 6, c).—Puparium elliptical in general shape; a little more 
convex on the dorsal side; length about 4 to4.5 mm. The size and color of puparium 
vary and depend upon the amountand nature of larval food. Puparia formed by larve 
feeding on coffee cherries dull white; the usual color light or dark testaceous. There 
are only 11 distinct segments, the first being composed of the first and second larval 
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segments, and therefore bearing indications of the mouth opening and anterior spira- 
cles of latter; last segment likewise bearing the remains of anal and stigmatal openings 
of larva 


DURATION OF PUPA STAGE. 

Mally has found in South Africa, at Grahamstown, that the dura- 
tion of the pupa stage may be as lone as 35 days in a rearing box 
kept “at the ordinary seasonal temperature.’ Martelli states that in 
southern Italy the pupa stage varies with the progress of the season; 
that it may be from 10 to 11 days durmg summer (August), 18 to 20 
days during autumn (October), or 30 or more days during the winter. 
Newman found in Western Australia the periods to be from 12 to 
14 days during summer and 25 to 50 days durmg winter. Nearly 
all writers have offered data on tue duration of this stage, but, unac- 
companied by temperature or 
humidity records as they are, 
they add nothing new to the 
foregoing information. 

In a previous paper the 
writers give data, accompanied 
by temperature records, on ob- 
servations including about 
2,000 pup developmg under 
Honolulu conditions. From 


minimum length of pupal life 
is about 6 days when the 
mean temperatures range be- 
tween about 76° and 79° F. 
Fic. 13.—Pupa of the Mediterranean fruit fly: a, Dorsal During the warmest Honolulu 
view; b, ventral view; c, posterior end, showing anal weather the largest proportion 
sear and spiracles. (Original.) g 
of any lot of pupez require 
from 9 to 11 days before yieldmg adults. Thus at a mean of 
about 76° F. 5, 14, 101, 160, 7, and 3 pupe yielded adults 6, 9, 10, 
11, 12, and 13 days, respectively, after the formation of the puparium. 
The pupa stage may be increased to at least 19 days when the 
daily means drop to about 69° to 71° F. The data in Table XVI 
covering observations on 7,000 pup are given in corroboration of 
this statement. At a mean temperature of about 66.8° F., pup 
required from 20 to 28 days to complete their development at 
Kealakekua, Kona, Hawaii. In Table XVI are given a large number 
of records covering the coldest portions of the year in the usual 
fruit-growing sections of the islands. These records, together with 
many others on file, given in Table XXV in connection with parasite 
work, indicate that’ there occurs no dormancy among pup at these 
temperatures. In other words, while development is considerably 
retarded, there is no yielding of adults by a few pupz while others 


these it would appear that the ~ 


Se 
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yield adults after a period of dormancy for several months as has 
been found to be true of the parasites Diachasma wie and Diachasma 
fullawayr. 


TaBLE XVI.—Duration thet the pupa stage of the Mediterranean fruit fly in Hawaii 
(7,000 pup). 


Date of Date of von Length , Mean Date of Date of Noyes Length eee 
: emerg- | adults pupa empera- . emerg- | a s upa mpera-_ 

pupation| “ence. |emerging.| stage. ture, || PUPation.| “ence. | emerging. oe ‘tee 

Days EEE Days. oUF. 
Feb. 31) Feb. 23 66.8 || Dee. 18-20) Jan. 1 167 12-14 72.9 
Doss... Feb. 24 3 21 66.8 pe = Jan, 2 466 13-15 72.8 
DOsacce Feb. 25 82 22 66.8 Dore = Jan. 3 152 14-16 72.7 
Dozs.2 Feb. 26 69 23 66.8 Daz ik Jan. 4 3 15-17 72.5 
DO .2 Feb. 27 1 24 66.8 Ae cee Jan. 5 2 16-18 72.4 
erin Mar. 3 1 28 66.8 37). 4), Janus 16 1 17-19 72.3 
Feb. 272] Mar. 13 7 14 70.4 || Dec. 9939 Jan. 4 27 11-13 72.4 
Obese Mar. 14 40 15 70.3 Oee Be Jan. 5 528 12-14 72.3 
DOs. ss A Mar. 15 15 16 70. 4 Dosen Jan. 6 541 13-15 72.1 
Doz. 25 Mar. 17 17 18 70.9 Dotwcat dpe. | 7/ 804 14-15 71.9 
DOs ee Mar. 18 19 70.9 IDyeeasee Jan. 8 57 15-17 71.5 
Dec. 1| Dee. 12 8 11 7B One Jan. 10 1 17-19 71.3 
WOs. o58 Dec. 13 279 12 73.1 /| June 10! June 16 5 6 76.4 
DOsss oc Dee. 14 269 13 73.1 Doze June 19 14 9 76.3 
Noes 4 Dee. 15 116 14 IBA Doe June 20 101 |* 10 76.3 
See ec. 16 29 15 73.4 Do.....| June 21 160 ll 76.2 
Dec. 8-10 | Dec. 19 2 9-11 73 DO-zsce= June 22 7 12 76.1 
Oss s2% Dec. 20 1 10-12 73 OnRAs: June 23 3 13 76.3 
DOssna Dec. 21 98 11-13 73-1 || Wy 13} July 20 1 7 79.2 
Dons Dec. 22 478 12-14 73.2 Onsican uly 21 3 8 79.2 
DOssnce Dec. 23 189 13-15 73.2 Dor July 22 39 9 79.2 
wees Dec. 24 14-16 73.2 Do.....| July 23 43 10 79.1 

Dec.16-18| Dec. 27 24 9-11 73.3 Dore July 24 3 11 79 
OLzeLe ec. 28 96 10-12 73.1 || June 8| July 16 2 76.2 
Orns Dec. 29 654 11-13 73.2 Ose: July 17 15 9 76.2 
Dow. Dec. 30 712 12-14 {ane Doses. July 18 28 10 76.1 
eee ec. 31 72 13-15 73.2 Do.....| July 19 53 il 76.1 
Dec.18-20| Dec. 29 4 9-11 73.2 Doser July 20 53 12 76.1 
Ones ec. 30 41 10-12 73.1 Doz css July 21 5 13 76.1 

Do. . 4.12 Dec. 31 415 11-13 73 
1 At Kealakekua, Kona, Hawaii. 2 At Honolulu. 


While it is probable that the duration of the pupa stage in any 
fruit-growing section in Hawaii is never more than 20 to 28 days 
(average mean temperature 66.8° F.) the writers have shown that it 
may be much longer under cooler conditions. As a contribution 
toward what the maximum ae may be, the following data are 
presented. 


In a glass refrigerator of the usual type for displaying fruits and vegetables, which 
was kept at a temperature of from 58 to 62° F., the duration of pupal life was found to 
range between 23 and 38 days when the pupe were placed within storage within half 
a day after the formation of the puparium. Thus 4, 12, 9, 16, 44, 367, 1,217, 159, 25, 
11, 5, 1, and 1 adults emerged in the refrigerator after 23, 24, 25, 26, 27, 28, 29, 30, 31, 
32, 33, 34, and 38 days, respectively, of refrigeration. One pupa 8 days old was held 
in storage at from 40 to 45° F. for 27 days and yielded an adult 2 days after removal 
to normal temperature, or 37 days after pupation. One hundred pupe placed in a 
refrigerator when one-half day old and held continuously at a temperature of from 54 
to 57° F. for 24 days, on removal to normal temperatures produced 2, 27, and 5 adults 
in 4, 5, and 6 days, respectively, after removal, or 28, 29, and 30 days after pupation. 
A second lot of 100 pup, placed at 54 to 57° F. when 1 day old, produced 3, 16, 9, 3, 
2, 4, and 2 adults in RAE cal dM in 31, 32, 33, 34, 35, 36, 37, and 38 days, respectively, 
after pupation. 
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Pup formed by larve pupating within a refrigerator held at 52 to 56° F. yielded 
2 and 1 adults within storage after refrigeration for 38 and 52 days, respectively. Out 
of 39,500 pupe held in like manner at from 49 to 51° F. only 1, 2, 2,3, and 1 pup 
yielded adults in storage after 20, 23, 44, 46, and 47 days, respectively, of refrigeration. 
’ These 9 pup yielding adults were 5 days old when placed in cool storage; hence they 
were 25, 28, 49, 51, and 52 days old when they yielded adults. One 3-day-old pupa 
held at an even temperature of 32° F. for 9 days, on removal to normal temperature 
produced an adult on November 14, 10 days later, or when 23 days old. Two 1-day- 
old pupee refrigerated for 19 days and then removed to normal temperatures yielded 
adults in 29 and 30 days, respectively, after pupation. Investigators working in 
countries where the temperature falls for short periods to or slightly below freezing 
are referred for other data to a previous paper by the writers in which are given 
data on the effects of 32°, 33° to 34°, 33° to 36°, 28° to 40°, 38° to 40°, 40° to 45°, 
49° to 51°, 52° to 56°, and 54° to 57° F. upon 173,318 pupe. 

During January—March, 1915, the writers secured data on the effect upon the dura- 
tion of pupal life of out-of-door temperatures at elevations of about 3,700 feet at Straw- 
berry, at 5,000 feet at Puulehua, and on Mauna Hualalai at 8,250 feet. Pups formed 
at Honolulu on January 31, shipped to Kealakekua on February 9-10, and placed at 
Strawberry on February 11, were found to have produced 1, 72, 392, 4, and 6 adults 
on February 24, 25, 27,and March 3. The temperature at Strawberry for these periods 
ranged from 42 to 69° F. with a mean ofabout 56° F. Other pupz formed at Honolulu 
on February 8, shipped to Kealakekua February 9-10, and placed at Strawberry 
February 11, were found to have yielded 3, 307, 503, and 13 adults on March 11, 17, 
20, and 25, respectively. Pupz formed at Honolulu on February 6, shipped to 
Kealakekua February 9-10, placed at Puulekua February 11, where the temperature 
between February 11 and March 26 ranged from 38° F. to 72° F., with a mean of 53° 
to 54° F., were found to have yielded 2, 10, 108, 126, and 13 adults on March 9, 17, 
20, 25, and 26, respectively. The pup yielding adults on March 26 were 48 days 
old. Other pupz formed at Kealakekua on January 26 and taken the same day to 
Puulehua yielded no adults before March 25, when they were removed to Kealakekua, 
where the temperature ranged during March 24-27 between 60 and 84° F. At 

Kealakekua 2 and 16 pupze yielded adults on March 26 and 27, respectively, or when 
59 and 60 days old. Pupz formed at Honolulu February 12, shipped to Kealakekua 
February 17, and placed at Puulehua February 24, were found to have yielded 4, 96, 
and 1 adults on March 9, 17, and 20, respectively. Pupz formed at Kealakekua 
January 27, taken to Hualalai January 31, and removed to Kealakekua March 26, pro- 
duced no adults, and on examination appeared not to have been able actually to 
pupate. The temperature on Hualalai for the period ranged between 31° and 70° F. 
Pup formed at Honolulu February 9, placed on Hualalai February 12, and removed 
to Kealakekua March 2, yielded 10 adults between March 17 and 20, or when 36 to 39 
daysofage. Pupze formed at Honolulu February 5and taken to Hualalai February 11 
were found to have yielded 51 adults between March 23 and 26. On March 26 they were 
removed to Kealakekua, where 17 and 2 yielded adults on March 27 and 28, respec- 
tively, or 50 and 51 days after pupation. Of this lot of pup, 1,820 did not survive 
the Hualalai temperature. Pupse formed at Honolulu February 7, placed on Hualalai 
February 12, and removed to Kealakekua March 26, yielded 52 adults on March 31, 
or 52 days after pupation, but 1,506 failed to survive. 

The data presented are of particular interest in bringing out the ability of pupz to 
survive various climatic conditions apt to be experienced in countries harboring fruit 
flies. It will be noted that 60 days is the longest period obtained by the writers for 
pupal development. 


1 Back, E. A., and Pemberton, C. E. Effect of cold-storage temperatures upon the pupae of whe Medi- 
terranean fruit ‘ay. Jour. Agr. Research, v. 6, no. 7, 1916, p. 251-260, 
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THE ADULT. 


DESCRIPTION. 


A general idea of the relative size and coloration of the adult of the 
Mediterranean’ fruit fly may be gained by an examination of text 
figures 1 and 14, and Plate I figure 1, and Plate VIII figure 3. The 
adults vary from 3.5 to 5 mm. in length. The description by 
Froggatt is as follows: 


Size 4 to 5 mm. about the size of an average house-fly, but looking somewhat smaller 
when dead, because the body shrinks up beneath the thorax. General color, ocherous 
yellow, lighter on the sides of thorax and basal joints of the antennae. The eyes of 
the usual reddish purple tint, with a blackish blotch in the center of the forehead, 
from which spring two stout black bristles, a fine fringe of similar bristles round the 


Fiq. 14.—The Mediterranean fruit fly ( Ceratitis capitata): Adult male. Greatly enlarged. (Original.) 


hind margin of the head, with some coarser ones curving round in front of the head 
between the eyes. The thickened basal joints of the antennae pale yellow, the termi- 
nal segments black to the tips. The dorsal surface of the thorax convex, raised, and 
broadly rounded with the scutellum, the ground color creamy white to yellow, marbled 
with shiny black blotches forming an irregular mosaic pattern, the lighter portions 
clothed with very fine white bristles. These light-colored bristles more lightly 
scattered over the dark areas, and the whole bearing large stout black bristles thickest 
on the black surface. In many of the pictures of this insect the black areas are drawn 
as if they were projecting bosses or knobs, but this is incorrect; the whole forms a 
regular rounded surface. 

The wings are broad, semiopaque, with the extreme base blotched with ocherous 
or brownish yellow, with the rest of the basal area curiously marked with black, form- 
ing dark lines of the radiating nervures, with dark lines and spots between; beyond 
this is a broad irregular transverse ocherous band, slightly lined with black, blotched 
at the extremity; another similar shaped and colored blotch runs along inside but 
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not in contact with the costal nervure, also blotched towards the extremity in the 
angular space. Between these bands is another shorter black band running parallel 
with the first transverse band. 

The oval abdomen is clothed on the upper surface with fine, scattered black bristles, 
and has two rather broad transverse silvery white bands on the basal half of the body. 
The male differs from the female in being furnished with a pair of stalked appendages 
standing out in front of the head in a line with the front margin of the eyes, the ex- 
tremities of which filaments are produced in spatulate appendages, black, finely 
striated, and diamond shaped. 

The living fly is an active little creature, running about over the foliage or fruit on 
the trees, with its wings drooping down on thesides of the body. When disturbed it 
has a short flight, seldom flying more than a few yards at the most, and it often returns 
to the same spot. 


EMERGENCE. 

The adults of the Mediterranean fruit fly emerge in largest numbers 
early in the morning during the warmer portions of the Hawaiian 
year, but more scattermgly during the cooler portions. During the 
summer the larger proportion of adults emerge between 5 and 8 a. m. 
On December 31, 1914, when the temperature ranged from 66° to 
78° F. and the mean relative humidity was 72 per cent,.55, 58, 125, 
and 16 adults emerged between the hours 6 to 8 a. m., 8 to 10 a. m., 
10 a.m. to 1 p. m., and 1 to 4 p. m., respectively. On January 2, 
1915, when the temperature ranged from 68° to 76° F. and the rela- 
tive humidity was 58 per cent, 141, 159, 28, and 12 adults emerged 
between the hours 6 and 8 a. m., 8 and 10 a. m., 10 a.m. and 12 m., 
and 12 m. and 2 p. m., respectively. 

The adult when issuing from the puparium seems invariably to 
cause a fairly regular split from the cephalic tip of the puparium 
straight back along each side to near the middle of the fourth segment 
and then upward over the dorsum, following a line fairly well in the 
center of the fourth segment, and often splitting entirely around the 
center of this segment. Thus the upper half of the first three seg- 
ments and the upper anterior half of the fourth segment of the pu- 
parium are usually broken away by the pressure of the ptihnum, and 
often the entire anterior portion of the puparium is broken off back 
to the middle of the fourth segment during the emergence of the 
adult. 

Once out of the puparium, the adult forces its way to the surface of 
the soil or out of other confinement, with the aid of the ptilinum. 
Before the natural coloration appears and while the chitin of the 
body is still pliable, the adults are able to force their way through 
incredibly small openings or cracks, through loose cotton stoppers, 
and sometimes beneath rubber bands. Often the united efforts of a 
few adults will force an exit in places from which single adults unaided 
could not escape. 
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DURATION OF ADULT LIFE. 


WITHOUT FOOD. 


If adults have no opportunity to feed after emergence they die 
within 4 days. Ninety adults issuing on March 15 and kept under 
starvation conditions were all dead by the end of the third day. On 
the second and third days, 68 and 22 adults, respectively, died, and 
at 9 a. m. on the third day only 4 were barely alive, and these were 
dead by 5 p.m. Of 50 adults emerging on March 14, 1, 48, and 1 died 
on 1, 3, and 4 days later. French states that he found that adults 
died in Australia within 4 days if kept without food. The writers 
have handled many thousands of adults during the past 3 years and 
have never had flies live longer. 

If given only water, life is shghtly prolonged. Of 300 adults emerg- 
ing on October 17, 250 had died by the end of the second day, while 


_ the remaining 50 were dead by the end of the third day. Of 42 adults 


emerging May 20, 12, 25, 4, and 1 died after 2, 3, 4, and 5 days. 
WITH FOOD. 


In 1899, Bowis¥oey in South Africa confined adult flies in a wire 
cage out of doors to determine the length of adult life. By the use of 
apples as food, 1 female out of an original number of 60 was kept 
alive from March 30 to July 19, or about 16 weeks. French states 
that adults live to be 25 days old during March in Victoria, Australia. 
Gurney found that in confinement adults live from a few days to 
three weeks. Newman states that he has found that flies live usually 
6 weeks, but when no suitable food is available for oviposition, they 
may live from 8 to 10 weeks. Later the same writer gives the length 
of adult life in western Australia as ranging from 28 to 40 days in 
summer and from 28 to 65 days in winter. 

The writers have found that even when given the best of care e many 
adults die very young. In every lot confined in jars about 50 per 
cent may be expected to die during the first 2 months. The early 
death of many flies does not seem to be caused always by overcrowd- 
ing, for frequently single adults given the best of care in separate jars 
die at all ages from 1 to 2 days on. The greatest interest in connec- 
tion with the longevity of adults must center in the minority that live 
for long periods. 

In a preliminary paper the writers record 1 adult that lived from 
December 31, 1913, to May 11, 1914, or 131 days, and others emerg- 
ing on February 28, 1914, that were still alive on August 1, or 5 months 
after emergence. Additional data have since been secured. One 
female emerging on the same date died on September 4, or at the 
age of 5 months; another female emerging on the same date died on 
September 30. About 500 adults emerging on June 28 were placed 
in large glass jars; on August 14 only 40 were still living. The last 
two of these 40 adults died on October 2, at the age of 97 days. The 
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rate of mortality for the 40 is as follows: On August 14, 28; Septem- 
ber 4, 9, 12, 15, 17, 19, 21, 23, 24, and October 2 and 3, there were 
alive 40, 30, 17, 12, 11, 10, 10, 7, 5, 4, 2, 2, 0 adults. Two hundred 
and twenty-five adults which emerged on December 31, 1913, were 
placed in a large glass jar and fed daily. The last fly which died lived 
to be 131 days old. A general idea of the mortality of these flies may 
be had from the fact that when examinations were made on March 9, 
43, 18, 22, 26, 31, April 1, 6, 13, 15, 17, 18, 19, 26, 27, 28, 30, May 1, 
3,5, 7,9, 10, and 11, there were living 225, 214, 202, 171, 139, 94, 59, 
AG086/'32))28, 25, 18,16; 13; 12, 11y9)) 7) 5, 4) 3)°2) and 1, 
rospectively. 

One female emerging on February 28, 1914, died on August 3; two 
males emerging on the same date died on October 5 (7 months, 5 a), 
and on October 15 (7 months, 15 days), respectively. One female 
emerging on March 3, 1914, died on September 8 (6 months, 3 days). 
The death rate among 95 males and 58 females, the only survivors on 
July 3 of a lot of 800 adults emerging on February 28, 1914, is given 
in Table XVII. The oldest fly lived 230 days, or 7 months and 10 
days. 


TasLe XVII.—Data on longevity of adults of the Mediterranean fruit fly emerging on 
Feb. 28, 1914, which had survived until July 3. 


Adults still alive. Adults still alive. Adults still alive. 
Date. SSS SS Date. _ SSS Date. 

Male. | Female. Male. | Female. Male. Female. 
July 3 95 58 Aug. 15 19 2 Sept. 11 5 0 
July 9 80 38 || Aug. 18 14 2 || Sept. 12 3 0 
July 13 58 25 Aug. 22 il 2 Sept. 18 2 0 
July 18 48 20 Aug. 25 10 2 Oct. 5 1 0 
July 25 41 12 Aug. 29 9 2 Oct. 16 1 0 
Aug. 1 35 6 Sept. 1 8 2 Oct. 17 0 0 
Aug. 8 26 3 Sept. 8 6 0 


One female, emerging May 22, 1914, and kept continuously in a 
well-lighted glass refrigerator at 58°-62° F., lived until April 1, 1915, 
315 days, or 10 months and 10 days. The rate of mortality of the 
flies still living of this lot on December 4 is recorded in Table XVIII. 


TaBLeE XVIII.—Data on longevity of adults of the Mediterranean fruit fy emerging on 
May 22, 1914, and kept in a glass refrigerator at 58°-62° 


Adults still alive. Adults still alive. Adults still alive. 
ye — Lee Date. §£———————_——_- 

Male. | Female. Male. | Female. Male. | Female. 

Dec. 4 43 62 Jan. 5 17 32 Feb. 4 4 10 
Dec. 15 31 55 Jan. 8 16 30 Feb. 10 1 6 
Dec. 19 26 51 Jan. 13 14 28 Feb. 13 1 4 
Dec. 23 24 48 Jan. 18 14 24 Feb. 17 1 3 
Dec. 26 24 43 Jan. 26 9 . 20 Mar. 6 0 2 
Dec. 29 24 37 Jan. 29 7 16 Apr. 1 0 1 
Jan. 2 21 36 Feb. 1 4 12 Apr. 2 0 0 
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Of the adults kept at 58-62° F. the majority died after the sixth 
month of life, being caught by the wings in moisture gathering 
on the sides of the containing jars. Under more favorable conditions 
the writers believe that adult life may be extended to cover a full 
fi 8 MATING. , 

Martelli first described the mating process. He says that when the 
male desires to copulate he ‘‘seeks to attract the female by curving 
up and raising the last abdominal segment, then bending the extrem- 
ity, swelling it to the form of a pmhead, while the venter is drawn 
back half its length and the abdomen is puffed out laterally, etc.” 
These evidences of sexual stimulation have been verified by the 
writers. In addition to the dorso-ventral contraction and lateral 
expansion of the abdomen, the male may vibrate his wings rapidly 
for periods of 10 to 15 seconds, at the same time that he extrudes the 
rectum (2) to form the white bulbous structure which is held almost 
perpendicularly over the tip of the abdomen. 

Often the female will move toward the head of the male from the opposite direction 
to be greeted when within an inch of the male by a violent fanning of the wings of the 
latter. When the female is within half an inch of the male, the male moves forward 
in a halting fashion until the heads of each almost touch, when the male springs for- 
ward and endeavors to clasp the female, but is often repulsed. One pair were ob- 
served to go through this process five times in 30 minutes before copulation occurred. 
Having once placed himself, the male makes vigorous efforts to bring the tip of his 
abdomen in contact with the tip of the ovipositor, trying at the same time to grasp 
the very tip of the ovipositor with the strong chitinized claspers situated on the 
seventh sternite. The female need only extend the tip of the ovipositor to but a very 
slight degree from within the last abdominal segment and the male will quickly clasp 
it and draw it out to a considerable length. The operation of clasping the ovipositor 
and drawing it out usually takes from 10 to 20 seconds. At the end of 15 to 20 seconds, 
or even sooner, the long narrow ribbonlike chitinized copulatory organ begins slowly 
to uncoil from its position. It extends up over either the left or right side of the sixth 
and seventh abdominal segments and makes one, or sometimes two, loops about the 
distal fourth with the tip resting under the posterior edge of the fifth tergite. From 


this position the penis uncoils until the tip comes to a position almost between the 
claspers, where it enters the vaginal opening. 


Both males and females mate frequently throughout life. One male 
was observed mating between 3 and 4 p.m., February 3, 1915, and 
between 11 a.m. and 12 m. and 1 and 3 p.m., February 4. Males 
observed mating on February 4, 1914, mated again on February 5, 6, 
7,and 8. Individual females kept for oviposition records have been 
observed to mate frequently with the males accompanying them. 
Such data indicate that mating is frequent. Such frequent mating is, 
however, unnecessary for egg fertility, inasmuch as one female emerg- 
ing August 12 and observed mating September 8 (probably not for the 
first time) was isolated on that date and placed with fruit. She 
deposited 139 eggs between September 16 and November 25, and all 


MEDITERRANEAN FRUIT FLY IN HAWAII. 67 


hatched normally. Records on file show that the eggs deposited 
by 12 other females isolated after mating on September 8 hatched 
normally. 

SEXUAL SMELL. 

The writers have found that the males of the Mediterranean fruit 
fly emit a peculiar odor by which they may be recognized. A segre- 
gation of the sexes proved that the females do not emit this odor, 
or at least that no odor can be detected. That given off by the males 
is very evident and, while difficult of description, resembles somewhat 
that of stale mucus. No odor can be detected until the males begin 
courting the females, but from that time on it is sufficiently strong 
so that during calm weather a person sitting as far as 4 feet from jars 
containing adults is able to state whether the flies within are Ceratitis 
capitata or Bactrocera cucurbitae. Thelatterspeciesemitsno odor. The 
writers have attempted to make use of the odor emitted by the males 
to trap the females in the laboratory and field, but in no instance 
were females attracted to jars containing males, although the odor 
eminating from the latter was pronounced. Males kept at 58° to 62° 
F. neither courted the females nor gave off their characteristic odor. 


AGE AT WHICH MATING AND OVIPOSITION BEGIN. 


Adults, upon emerging from the pupa, must feed for several days 
before they show evidences of sexual activities or begin oviposition. 
Berlese, in Italy in 1905, published the first data bearing on this 
subject. He states that the female does not oviposit until 10 to 12 
days after emergence. Severin states that in Honolulu no fully 
developed eggs were present in the ovaries of 3 females 8 days after 
emergence. Although from the eighth day on he made daily dissec- 
- tions of 3 females, he found no mature eggs until the fourteenth day, 
with the exception of a few in the ovaries of a single female 11 days 
after emergence. The most careful observations appear to have been 
made by Martelli, who states that females do not oviposit until 
from 4 to 7 days after emergence during summer, or 10 to 12 days 
during the autumn. Aside from Martelli’s general reference to the 
- season, no writer has published along with his statements data on 
temperatures, which the writers have found to be an important factor. 

The age at which the first eggs are deposited varies with the tem- 
perature. During late July and early August, 1913, when the daily 
temperatures at Honolulu ranged between 74° and 86° F., with a mean 
for the period of 79° to 80° F., males began to show sexual activity 
within 3 days, while mating and egg laying took place within 4 to 5 
days. In securing infestation of fruits it was found that while few 
eggs were deposited within 4 to 5 days after emergence, it was not 
until 7 to 10 days after emergence that any lot of females seemed to 
reach their full egg-laying capacity. These observations are based 
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on work with over 20,000 adults. During the period May 21 to 28, 
1913, when the daily temperatures ranged between 69° and 82° F., 
with a mean temperature for the period of 76° F., and with a mean- 
relative humidity about 66 per cent, many females were not observed 
mating until 7 to 9 days. 

During the period December 14 to 24, 1914, when the weather was 
unusually cool for Honolulu, with ‘ie daily temperatures ranging 
between 61° and 78° F. (a mean for the 
period about 69.8° F.), and the mean relative 
humidity about 72 per cent, 1 male was ob- 
served giving the usual evidences of sexual 
maturity 8 days after emergence, and several 
others after 9 days. The first eggs, 3 in 
number, from about 150 females were ob- 
tained 8 days after emergerice, while 10 and 
38 eggs, respec- 
tively, were  se- 
cured after 9 and 
10 days. Adults 
emerging on Jan- 

uary 3, 1916, did 
Fic. 15.—Egg tubes of female not contain well- 
Mediterranean fruit fly: a, 
At time of emergence; b, 35 Geveloped eggs 
dys tte emevgnes ne until 10 days late, 
as shown by daily 
dissections. The temperature during this 
period ranged between. 60° and 75° F., 
with a mean of 68.7° F. The general 
process of egg formation as it takes place 
in the egg tubes is shown in figures 15 and 
16, representing the development of the 
eggs 1,3, 8, and 10 days after emergence. 


PORTIONS OF PLANT SELECTED. 


Adults of the Mediterranean fruit fly a‘ 
oviposit only in the fruit of the host. The 6. 16.—Egg tubes of female Medi- 
terranean fruit fly: a, Development 
female appears to have no preference for after 10 days; 6, after 8 days; during 
any particular area in the epidermis of January, 1916,at Honolulu. (Origi- 
very soft fruits, such as the strawberry niet 
guava, mock orange, coffee, peach, sapota, or eugenia, as egg punc- 
tures are to be found on all portions of the fruit. But even in these 
fruits adults oviposit most freely in prematurely ripened areas. In 
the case of other fruits, the epidermis of which the fly has greater 
difficulty in puncturing, females are apt to take advantage of previ- 
ously made abrasions caused by thorn pricks, fungus attack, old egg 
punctures, etc. Thus the females often deposit eggs in large numbers 
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only in a single break made by the mango weevil or fungus attack 
on the skin of a large choice Indian mango. In cotton bolls eggs 
appear to be deposited only in breaks made by the larve of the pink 
bollworm (Pechnophora gossypiella Saund.). In some varieties of 
avocados eggs are most often deposited, in certain localities, in the 
cracks made by fungi, although other varieties with thinner skins 
are freely oviposited in at all points. 


DAILY RATE OF OVIPOSITION. 


No data on the daily rate of oviposition have ever been published 
except by the writers. In a preliminary paper they record the daily 
rate of oviposition during the first 18 weeks after emergence. In 
‘Table XIX these data have been continued to include the ovipo- 
sition records of the same females throughout life. For the daily 
rate of oviposition for old females see Table XX. It will be noted 
that there is considerable variation in the frequency of oviposition 
among those specimens seemingly less hardy, but that those living 
longest, and apparently the most normal, oviposited with great 
regularity a few eggs nearly every day. The 9 females, the ovipo- 
sition records of which appear in Table XIX, emerged on April 4, 
1914, and were placed with fruit April 14. 

The best record in Table XIX is that of fly No. 5, which oviposited 
with great regularity from April 16 to enna: 2. During life 
this fly oviposited on 106 days of 153. Of the 47 days on which she 
laid no eggs, 20 were the first 20 days of her life and 13 of these 20 
were evidently consumed in reaching sexual maturity. Hence, after 
she began ovipositing with regularity she failed to oviposit on only 
27 of 133 days. Fly No. 8, which lived 147 days, oviposited on 80 
days. Fly No. 9, which lived 65 days, deposited only 3 eggs on 
May 4 and 5. Had it been possible to secure oviposition data on 
many individuals it is probable that the record of fly No. 5 would 
have been exceeded and that many gradations would have been 
secured between the records of flies Nos: 5 and 9. This is probable, 
inasmuch as other females recorded under the subject of longevity 
lived to be over 10 months old, and there is no evidence that ovipo- 
sition necessarily ceases before death. It is not likely,- however, 
that the actual number of eggs deposited on individual days would 
have been found greater than those recorded in Table XIX. This 
actual number of eggs deposited on individual days was found to 
vary from 1 to 22. The average numbers of eggs deposited by the 
9 females, taking into consideration only the days on which ovipo- 


» 


sition occurred, are 6.6, 3.1, 5.7, 7.5, 5.9, 6.1, 5.9, 5.2, and 1.5. Flies - © 


Nos: 5 and 8, which lived the longest, deposited, respectively, an 
average of 5.9 and 5.2 eggs. 
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TaBLe XIX.—Daily rate of oviposition of the Mediterranean fruit fly in 1914. 


[Females emerged on Apr. 4, 1914, and were placed with fruit on Apr. 14, 1914.] 


Number of eggs deposited. 


Date of oviposition.1 if 
Fly Fly Fly Fly Fly Fly Fly Fly Fly 
No. 1. | No. 2. | No.3. | No. 4. | No. 5. | No. 6. | No. 7. | No. 8. | No. 9. 


Ari dGe. srt ch ee 0 0 
17 tOOD. 2.2 ce eee 1 1 2 14 0 
too? slam, 0 5 
Se Rtg ele ERE ai 0 0 
BRT Nc. pre 1d. wee | 1 0 14|- 
Dy cy te ea) al 1 15 0 2 
Sta Sco et ie 16 23 

May arto: oe ee 19 1 1 
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0 
4 
0 
0 
0 
0 
0 
3 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
5 
0 
0 
3 3 | 
0 5 
0 6 
0 2 
0 5 
4 6 
8 3 
coe eae 1 4 2 
BD ge 9 6 
et ats 15° 9 
eas Sa 3 3 
Pa eee oe et 9 3 
Wy pee Rites 12 0 1 
RA 9 6 2 
Be AG SN Fees od 8 3 
Ee ate [a Se en 13 5 1 | 
eel Sate eit a 9 12 
Pee Be REE” 3 3 
pide, al ET oa! 7 8 
Wa Brae it 2 4 6 
od. BE CNES AG, SRR 18 11 1 1 1 
Fae Reale a 0 0 
aS AL ae ee 15 7 1 
es ie |e ee 6 5 1 1 (4) 
Es Pe 12 7 1 9 SASS 
0 6 Bal aan WG | tet, > 
7 2 Zillion 
4 2 (Pa? = a Se 
0 7 Fl atone ad eee ee 
0 9 Gt lee ot 8 eae 
0 6 OURS Ros bee Joe 
0 0 0 
0 6 334 
4 4 1 0 
10 10 0 
4 0 0 
10 2] (5) 9 
0 Cie ee tee: 12 1 
0 Vial Sete 3 
0 Co eee a 0 
5 6 ee Fs ow 
16 14) es 12 
6 5 0 
0 2 6 
3 7 2 
10 0 7 
3 0 3 
" 4 8 6 
0 a ee 5 2 3 
0 Bi, eae 4 0 


1 Dates on which none of the flies oviposited are omitted from the table. 
2 Died on this date; 30 eggs present in abdomen. 

3 Escaped on this date. 

4 Died on this date. 

5 Died on this date; 15 eggs present in abdomen. 
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TasLe XIX.—Daily rate of oviposition of the Mediterranean fruit fly in 1914—Contd. 


Number of eggs deposited. 


Date of oviposition. 


Fly Fl Fly Fly Fly Fly | Fly FL Fl 
No. 1. No.2. No. 3. | No. 4. | No. 5. | No. 6. | No. 7. No.8. No.9. 


1 


oth 2G Gan as 0 (i atianee 
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DP leprae 3 al Sea Sas 
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eee 0 Oe 
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4 

2 

5 

5 

0 

2 

0 

0 

4 

3 


Sept. 2 
Dts One cis eS Ee OS ACRE AO Oe SE EEE PSE eee eee ee ae eee one 
docomsesede ypeausecuc cas | hes Hose obeeccE HBoeseee essecsae (4) 
Motaleee ss. soe 191 34 86 314 622 
1 Died on this date; 16 eggs present in abdomen. 3 Died on this date; 2 eggs in abdomen. 
2 Died on this date; no eggs in abdomen. 4 Died on this date; 3 eggs in abdomen. 


ABILITY OF FEMALES TO BEGIN OVIPOSITING REGULARLY AFTER A PERIOD OF 
SEVERAL MONTHS DURING WHICH HOST FRUITS WERE NOT AVAILABLE. 

Females which have been kept in confinement without an oppor- 
tunity to oviposit in host fruits will begin actively ovipositing when 
such fruits are made available. Thus, females emerging on Febru- 
ary 28, 1914, were kept in glass jars until about 4 months old, when, 
on June 28, they were placed with fruits and a record kept of the 
eggs deposited. These data secured from 6 females show that for 
the days on which they oviposited they laid an average of 8.1, 4.6, 0, 
6.3, 4, and 7.2 eggs. These averages compare favorably with the 
averages for females given an opportunity to oviposit from the 
time they were sexually mature until death. Fly No. 1, with its 
average of 8.1 eggs, deposited 22 eggs on July 26, or when it was 
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148 days old, and this is the largest number of eggs ever obtained 
by the writers during one day from any female. The flies of Table 
XX oviposited on the sides of their containing jars during the period 
up to the time they were given fruits in which to deposit eggs, but 
not in a normal manner. 


TABLE XX.—Daily rate of oviposition of the Mediterranean fruit fly. 


[Females emerged on February 28, 1914; hence were 4 months old on June 28, 1914. Given an opportunity 
to oviposit on fruit for first time on July 1.] 


Number of eggs deposited. 


Number of eggs deposited. 


Date. 1 , Date. 1 
Fly | Fly | Fly | Fly | Fly | _ Fly Fly | Fly | Fly | Fly | Fly | Fly 
No. 1. |No. 2. |No. 3. |No. 4. |No. 5. | No. 6. No. 1. |No. 2. |No. 3. |No. 4. |No. 5. |No. 6. 

1914. 1914. 

Trlyws it = 0 0 0 0 6 0 || July 19.. 6 DS | Poe 0 One see 
ae 9 0 0 0 2 0 20.. 0 DE | ees 4 One css 
3.3 0 0 0 0 4 0 PA oe 5 DH |rccctare 6 OF eaaae 
4_. 10 4 0 0 0 6 22). 0 Soe a Di ee 
5.. 4 0 0 0 0 0 23... 0 pee 0 Onesies: 
6.. 5 6 0 4 0 0 24. 2 (13.9 eeapet UNS} [h (Ce eee aes 
(ee 0 0 0 0 0 12 25. 6 Dae eo On Se Se sees 
EE 10 6 0 0 0 6 26. 22 ahd eater (Da) bo Ee ae ea 
95.8 0 4 0 9 0 13 P(e 9 De rats One eo 

105 15 6 0 3 0 2 28. 9 OR eee TT sal SS clare S 
1h Ee 5 2 0 0 0 4 29)\es 6 Uh eee, ORS Ses 
13. . 12 7| (@) 5 0 0 BOP IAaS 0 Oe lessees (OP, i fe. | 
14.. 2 Oleeases 5 WK Genel |esubreabmenn|es | (11) (CG) beedee On eared: 2 
15... 7 Ove s2 253 0 OnRets 23 On ae AS oes ON ee el 8 cee 
16.. 0 Silas e iat 0 ia (aes PA AG Cae eer Seek (Oye Es Sips a 
ene 13 Bilsseeee 11 Os |Fecree — SS) ——— | 
18.. 5 Osa 2225 4 ON ete Total..| 162 97 0 76 12 43 


1 Dates on which none of the flies oviposited are omitted from the table. 
2 Died on this date; no eggs in abdomen. . 

2 Died on this date; 11 eggs in abdomen. 

4 Died on this date; 5 eggs in abdomen. 

5 Died on this date. 

6 Died on this date; 4 eggs in abdomen. 

One female emerging March 3, 1914, was isolated from fruits until 
August 29, or for 5 months and 26 days. When placed with fruit 
on August 29 she deposited 4, 5, 11, 14, 9, and 9 eggs on August 31, 
September 3, 4, 5, 6, and 7, or an average of 8.7 eggs for each day 
on which she oviposited. She deposited 11, 14, 9, and 9 eggs, respec- 
tively, on the first 4 days of the seventh month of her life, but 


died on the fifth day. 
NUMBER OF EGGS DEPOSITED BY SINGLE FEMALES. 


No attempts have been made by previous writers to determine 
the egg-laying capacity of the female. In 1906 Fuller assumed as 
a basis for data -on multiplication that each female deposited 50 
eggs at one time. Silvestri, after becoming familiar with the work 
of the writers while in Honolulu, stated that the total number of 
eggs deposited is not less than 300. In general, entomologists 
invariably have used the number of eggs found in the body as a 
basis for computing the egg-laying capacity. 

In Table XIX the only data obtained by the writers on this sub- 
ject show that the total number of eggs deposited by a single female 
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may be as high as 625. Fly No. 5 deposited 622 eggs and held 3 
well-formed eggs in her oviducts at death. Fly No. 9, on the other 
hand, deposited only 3 eggs during her life. ‘The writers believe that 
hardy females may deposit as many as 800 eggs, or even more, 
under favorable conditions. Fly No. 5, which deposited 622 eggs, 
lived only 153 days, while other females have oviposited for periods 
covering more than 10 months and might be expected to deposit 
more eggs. As noted above, one female deposited 11, 14, 9, and 9 
eggs during the first 4 days of the seventh month of her life. 


NUMBER OF EGGS DEPOSITED AT ONE TIME. 


During the period from January 23 to 27, 1914, when the tempera- 
tures during the heat of the day ranged between 74° and 76° F., 
15 females were observed to oviposit in apples. The time required 
from the instant the females started ovipositing until the ovipositor 
was withdrawn varied from 2 to 5 minutes, with an average of 3.8 
minutes. Each puncture was found to contain from 1 to 4 eggs, 
and averaged 2.4 eggs. 

During the warmer period of the year, on April 13, 1914, when the 
temperature averaged about 82° F., 8 females consumed from 2.5 to 
4.5 minutes in completing the process of oviposition in apples, and 
deposited from 3 to 9 eggs, or an average of 5.4 eggs in each puncture. 


NUMBER OF EGGS DEPOSITED IN A SINGLE EGG CAVITY. 


Females oviposit repeatedly in egg cavities or punctures in table 
fruits, especially in those fruits in which they have difficulty in 
making egg chambers. Thus while females, as already noted, 
deposit normally only from 3 to 9 eggs in a puncture in apples at one 
time, cavities in apples left with females from 3 p. m. until the fol- 
lowing morning contained from 42 to 106 eggs. As many as 300 eggs 
_ have been taken from one egg cavity m the rind of grapefruit, 129 
from a cavity ina lemon, and 926fromacavityinamango. (PI. XIII, 
fig. 3.) Observations indicate that after depositing a few eggs the 
females feed and move about only to return in many instances to the 
same spot to continue ovipositing. Frequently newly laid eggs can 
be found in punctures in citrus fruits in which several batches of eggs 
already have been hatched. Bearing m mind that only from 1 to 9 
eggs are usually deposited in an egg cavity at one time, the data m 
Table XI will prove interesting. 


OVIPOSITION BY VIRGIN FEMALES. 


Females confined in jars immediately after emergence and given no 
opportunity to mate will deposit eggs, but none of the eggs will hatch. 
On September 10, 1913, 500 newly emerged virgin females were 
placed im a jar and began ovipositing in a normal manner on Sep- 
tember 16, or after 6 days. One hundred and twenty-eight eggs 
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deposited September 16 did not hatch. The temperature during this 
period varied between 71 and 84° F., with a mean for the period of 
78.5° F., and the relative mean humidity averaged about 66 per cent. 
Two hundred females emerging November 13, 1914, were confined 
without males and began ovipositing November 23, or after 10 days. 
During this period the temperature ranged between 65 and 80° F., 
with a mean of 74.6° F.; the relative humidity, averaging 69.2 per cent, 
ranged between 52 and 85 per cent. Although no daily oviposition 
records of these females were kept, 450 eggs deposited by them in 
apples on 17 different occasions when they were given an opportunity 
to oviposit between November 13 and March 4-5 failed to hatch. In 
three other experiments not one of 2,264 eggs deposited by virgin 
females hatched. 

Virgin females which have been depositing eggs that failed to hatch 
may mate later and deposit fertile eggs. Thus 200 virgins emerging 
on March 13,1915, oviposited quite regularly until May 14, when males 
were placed in the jar with them. Previous to May 14 all eggs 
deposited had failed to hatch. On May 16, 11 eggs were deposited; 
of these all hatched but 2. 


INFLUENCE OF WEATHER CONDITIONS ON ADULT ACTIVITIES. 


No satisfactory data on this subject can be secured out of doors in 
the Hawaiian Islands, as the colder temperatures which seriously 
affect adult activities are not to be had except at higher altitudes, 
where the fly is not to be found. At the Volcano House, Hawaii, at 
about 4,000 feet-elevation, where the November mean is about 60° F. 
and the daily range is between 45° and 72° F., adults in jars were 
inactive during the early mornings and late afternoons. During the 


warmer period of the day adults became active and oviposited in. 


apples hung in their jars after the temperature reached 61° F. At 
Honolulu, at a temperature of 65° to 67° F., 27 eggs were deposited 
in peaches by about 40 females, and 40 eggs by a lot of 60 females. 
At higher temperatures many more eggs would have been deposited 
under otherwise similar conditions. Adults in jars were noted to 
mate as usual on March 17, when the temperature was 69° F. On 
March 18, 9 a. m., at 67° F., adults endeavored to oviposit in apples, 
but did not seem to succeed in puncturmg the skin. A female 
emerging on August 12, 1914, was placed in a large glass refrigerator, 
the temperature of which averaged 61° F., but varied for the period 
between 58° and 62° F. She was accompanied by males and depos- 
ited 3 and 6 eggs on September 12 and 20, respectively, but died on 
September 25. This fly was replaced by another of like age, which 
deposited 9, 5, 8, 4, and 6 eggs, respectively, on September 26, 27, 28, 
29, and October 2. 

At a mean temperature of about 78° F., adults may deposit eggs 
during the night, but deposition during this portion of the day has 
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been found most unusual. In the laboratory and out of doors adults 
feed and oviposit at all times of the day during the warmer months. 
Lounsbury has stated that in South Africa adults seek shelter 
beneath dried leaves, etc., in rearing cages during the colder weather, 
and Compere has observed adults active on orange trees in Spain 
during the warm hours of a day following freezing night temperatures. 


LENGTH OF LIFE CYCLE. 


_ During the warmest Hawaiian weather, when the mean tempera- 
tures average about 79.5° F., the egg, larva, and pupa stages may be 
completed in as few as 13 or as many as 33 days, according to the ~ 
individual and its host. At this season large numbers pass through 
the immature stages in from 18 to 20 days. As the length of the 
adult life has been found to vary from a few days to 230 and 315 days, 
it is evident that the life cycle may be as long as 11 months when the 
fly passes its immature stages during the warmest portions of the year. 
At an average mean temperature of about 68° F., which is the coolest 
mean found by the writers where host fruits were readily available 
for study, the immature stages required from 40 to 69 days. Data 
already discussed indicate the difficulty in stating just what varia- 
tions there may be in the length of the life cycle in still cooler climates. 
Thus the egg stage has been increased from 2 to 24 or 25 days by the 
application for 22 days of a temperature of from 48° to 53° F. A 
third-stage larva survived a temperature of 48° to 54° F. for 79 days, 
while another larva remained in the first instar 57 days at an out-of- 
door temperature ranging from 27° to 73° F., with a mean of about 
48°F. The fruit fly has been held in the pupa stage at an out-of-door 
temperature ranging between 38° and 72° F., with a mean of about 
53° to 54° F. for about 2 months. At Kealakekua, where the tem- 
perature ranged between 58° and 80° F., with a mean of about 
68° F., 3 larve in very firm apples required 28, 58, and 74 days to 
become fully mature and leave the fruit to pupate. Add to the 74 
days required for larval maturity 4 days for the egg stage and 20 
days for the pupa stage, and one has a cycle for these stages of 98 
days, or over 3 months. A very conservative estimate for the pos- 
sible length of the immature stages, or a period sufficiently long to 
outlast the coldest seasons of semitropical regions, is 3 to 4 months. 


SEASONAL HISTORY. . 


In littoral Hawaii there may be as many as 15 or 16 generations of 
the Mediterranean fruit fly each year, provided one considers the 
length of a generation as extending from the time the eggs are de- 
posited until the female of the next generation begins to oviposit. 
With such an understanding a generation at Honolulu may require 
under the most favorable conditions as few as 17 days during the 
warmest weather, or as few as 31 days during the coolest winter 
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weather. As the females are capable of living long periods and of 
depositing small batches of eggs almost daily, the generations become 
hopelessly confused. In those portions of the islands where the 
winter monthly means drop to about 68° F., as in the Kona district 
of Hawaii at about 1,300 feet elevation, there may be not more than 
10 to 12 generations. The number of generations is naturally less in 
colder habitats. At Strawberry, a ranch station on Hawaii at about 
4,500 feet elevation, there appears to be only asingle generation a year, 
which is evident in the last fruit to ripen on a few peach trees. 

As may be expected, adults are abundant at all seasons in the 
littoral regions of Hawaii where host plants are grown. With the 
hopeless confusion of generations that exists, there can be no seasonal 
broods. Instead, adults may be found actively ovipositing every 
day of the year. That the cooler weather of the winter months does 
lengthen the life cycle has already been proved. This slowing down 
of development naturally results in the emergence of fewer adults. 
This is indicated by the data of Table X XI. 


TaBLE XXI.—Seasonal abundance of adult Ceratitis capitata at Honolulu. 


[Average daily catch of 147 kerosene traps for the weeks indicated below, from Apr. 21, 1913, to Aug. 4, 1914. 
Traps exposed in Punahou district of Honolulu, east of Punahou Street and south of Wilder Avenue.) 


Num- Num- Num- Num- Num- 
Date. ber. Date. ber. || Date. ed Date. ae Date. ae 
| gar ea alee ay Searcy 
ee 26. .| 279 |} Aug.2...-] 905 || Nov.8-.---] 358 || Feb. 13.... 58 || May 23.... 291 
ay 3..- 347 || Aug.9...-| 937 || Nov.15--.-.| 237 || Feb. 20....| 117 || May 30.-... 259 
May 10-.| 677 || Aug.16..-| 763 || Nov. 22..-.| 137 || Feb. 28....|° 64 || June6..... 389 
May 17.. 901 |) Aug. 23...| 562 || Nov. 29...| 182 || Mar. 7...-- 71 || June 13... 729 
May 24..| 1,738 ||) Aug. 30...| 439 |) Dec. 6..... 219 |} Mar. 14... 49 || June 20....) 1,074 
May 31.-.| 1,498 || Sept.6--..| 316 || Dec.13....| 324 || Mar. 21.... 74 || June 27... 935 
June 7...} 1,413 || Sept.13...) 219 |) Dec.19....| 355 || Mar. 28__.. 64 || July 4....- 1,676 
June 14..} 1,047 |] Sept. 20...) 152 |] Dec. 27....| 240 || Apr. 4.--.. 92 || July 11....| 2,50 
June 21.. 855 || Sept. 27...) 141 || Jan. 2..... 176 |} Apr. 11...-} 123 || July 18....| 2,002 
June 28..| 1,084 || Oct. 4..... 16% pang) a 2s 48 || Apr. 18...-] 150 || July 25_...| 1,677 
July 5..- 769 |} Oct.11....| 200 || Jan. 16..-: 84 || Apr. 25...-| 124 || Aug. 1.... 964 
July 12.. 723 || Oct.18....| 200 || Jan. 24.... 46 ay 2....- 188 || Aug. 4..-. 523 
July 19..| 769 || Oct. 25 205 || Jan. 31.... 51 || May 9....- 343 
July 26.. 727 || Nov.1.-.-| 270 || Feb. 7..... 72 || May 16....) 455 


These data on the number of males captured in 147 traps in an area 
equal to about four city blocks are taken as indicating the relative 
abundance of adults in a single year, in a section of Honolulu where 
many host trees occur. The adults are most numerous during late 
May, June, and July, and less numerous during January, February, 
and March. The numerical abundance of adults in Honolulu, where 
the climate never seriously retards development, is affected more by 
the numerical abundance of ripening host fruits, which is greatest 
during the early summer and least during the winter. The fact that 
there are relatively fewer adults during the winter months is of no 
practical value to growers of fruit in Hawaii, since the smaller amount 
of fruit ripening at that season is nearly as badly affected as are the 
fruits ripening during the summer. 
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NATURAL CONTROL. 


No striking examples of control by natural agencies were evident 
in Hawaii previous to the introduction of parasites. As indicated 
below, there are several minor factors of natural control, aside 
from parasites, but they are of no practical value under Hawaiian 
conditions. A certain amount of natural mortality occurs among 
larve and pup, but it is small under ordinary conditions. It has 
been suggested that there occurs an unusually high mortality among 
pupe formed by larve developing in such juicy fruits as the mango, 
but this has been disproved by experimental work. ‘The high rate 
of mortality among pupz derived from mangoes in laboratories is _ 
produced by the severe sifting process necessary to separate the 
pupe from the wet sand.in which they form, or from insanitary 


conditions. 
EXCESSIVE HEAT. 


The larve within fruits which lie in the direct sunlight after they 
have fallen are killed in large numbers. Often all the larve in the 
portion of a fruit exposed to the sun will be found dead. During 
August, 1914, mangoes were exposed to the sun for two days over sand 
in shallow trays. Examinations later proved the 17 fruits to contain 
17 living and 84 dead third-instar larve, with 14 larve dead on the 
surface of the fruits. One larva died when partly out of a fruit and 
103 succeeded in pupating normally. In 23 other fruits held in the 
shade as a check there were found 168 living and 9 dead third-instar 
larve, and beneath them 167 pupz. While every larva in certain 
of the fruits exposed to the sun was killed, it is evident the many 
larve in the protected portion of the fruit may escape and pupate 


normall 
y: PREDACIOUS ENEMIES. 


Although Compere reported certain staphylinid beetles in Brazil and 
forficulids in India attacking larve of fruit flies, they seem to be of little 
‘value as practical checks. The writers have observed earwigs within 
decayed areas of fruits infested by C. capitata and drosophilid larve 
in Hawaii under conditions which indicated that they were feeding 
upon fruit-fly larve. Harwigs confined in jars within the laboratory 
were observed to attack and devour well-grown C. capitata larve. 
Their numbers, however, are far too small to have any effect upon 
fruit-fly increase.. 

The small brown ant (Pheidole megacephala Fab.), known also as 
the Madeira house ant and the harvester ant, unquestionably is an 
important factor in natural control. This ant, which inhabits most 
abundantly the littoral regions, is frequently found swarming over 
and throughout fallen fruits, killmg many larve as they leave the 
fruit to pupate. Ants were observed to remove from a fallen ball 
kamani nut 86 medium sized C. capitata larvee between 11.18 and 

11.58 a. m., April 5, 1913. An examination at the end of this period 
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showed that 34 larve in a firm portion of the flesh had escaped attack. 
Within the laboratory this ant has demonstrated its ability to 
destroy pupe. 
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CLIMATIC CONTROL. 


There is little opportunity in Hawaii to study the effect of adverse 
climatic conditions upon the Mediterranean fruit fly. Development 
appears to progress most rapidly after the Hawaiian temperature 
means reach 75° or 76° F. At a mean of 68° F. the developmental 
period is about doubled. A temperature rangmg between 58° and 
62° F. has no detrimental effect upon the development as shown by 
the emergence of adults from pupe held in a well-lighted refrigerator. 
These emergence data, recorded in Table XXII, and supplemented by 
- four other experiments, indicate that the pupa stage may be increased 
from 38 to 41 days, or that, at this temperature, the length of develop- 
ment may be increased to three or four times the normal during the 
warmest weather. Only 9 out of 39,500 pupe held at a tempera- 
ture of from 49° to 51° F. yielded adults within refrigeration, while 
the remainder died. All cold-storage data obtamed by the writers 
indicate that approximately 50° F. is the temperature at which little 
or no development can take place and below which complete mortality 
occurs if exposures are continued sufficiently long. 


TaBLE XXII.—The effect upon pupal development of the Mediterranean fruit fly of 
58° to 62° F. 


Age of pupz when placed in storage and number yielding adults. 
Days in storage. 
4 day. | 1 day. | 2 days. | 3 days. | 4 days. |5 days. | 7 days. | 8 days. | 9 days. |10 days. 
| 
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This conclusion drawn from cold-storage experiments! will be 
found, the writers believe, to hold true for out-of-door conditions. 
During January to March, 1914, the writers exposed infested apples 
on the slopes and summit of the extinct volcano Hualalai, at eleva- 
tions of about 5,000 and 8,250 feet. At about 5,000 feet elevation, 
where the temperature ranged from 31° to 64° F., during January, 
with a mean of about 51° F., the larval development was apparently 
held at a standstill, although as the minimum temperatures increased 
with the approach of spring, larve were able to more than hold their 
own. During March, when the daily temperatures ranged from 40° 
to 70° F., with a mean of about 55° F., development of all stages 
occurred attended by no unusual mortality. At 8,250 feet elevation, 
where the minimum temperatures ranged from 27° to 43° F., with the 
* maximums between 42° and 70° F., and a mean for the maximums and 
minimums of about 48° F., no development took place. Instead, the 
_ mortality was very great. As spring approached, the temperatures 
increased until, during March 20 to 25, they ranged between 38° and 
67° F. ‘The result of examinations made of infested apples after 
indicated periods of exposure are given in Table XXIII. 


Tasie XXIII.— Mortality among eggs and larvx of the Mediterranean fruit fly in apples 
exposed on the summit of Hualalai from Jan. 31 until date of removal. 


Larve. 
: Date of 
F neurenoved from ered pear First instar. Second instar. Third instar. 
; ion. q 
Alive. Dead. Alive. Dead. Alive. Dead. 

Mebw4e 226 ss 53 eps yop |Senesie PPA LEN Se ele OAT ei eae» Ue ae Ue | Pees nee yin nl Se 
Febl 12) soli: TR) oy) 1G} be eae eee 334 20 522 82 Bo eo Uae ee 
Hebatiic- 355s. 485i Feb. 19 5 3 115 97 16 Qe AR ere Ae 
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Mana Ae mee eee, 2 Mar. 6 10 55 481 33 ZIG eee oa els 
Mar(eiscnc acco nek. Mar. 19 2 3 SUM Rs se 278 6 500 

ATO E eee eae ots Mar. 27 24 1 872 2 56 2 965 


These data prove that at the Hualalai temperatures a very few 
larve may survive, although by far the largest percentage are killed. 

The data given elsewhere (p. 108-111) on the effect of cold storage 
and freezing temperatures upon the various stages of the fruit fly prove 
how easily this pest can withstand for short intervals colder tem- 
peratures than are likely to occur for long periods in fruit-fly coun- 
tries. Thus the egg itself has been known to withstand a freezing 
temperature of from 24° to 30° F. for 7 days and still hatch. These 
low temperatures, however, produce a very great mortality that has 
been emphasized by data already published. 

That adverse climatic conditions have been a valuable aid in curb- 
ing fruit-fly attack is appreciated by entomologists dealing with this 


1See Journal of Agricultural Research, v. 5, 1916, p. 657-666; v. 6, 1916, p. 251-260. 
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pest. Newman, in Western Australia, has found that a very large 
percentage of the pupe are killed by a cold, wet winter when the 
ground is frequently flooded. Such conditions so lessen the abun- 
dance of the fruit-fly that there are relatively few flies, numerically 
speaking, to infest the early fruits of the succeeding season. On the 
other hand, unusually severe outbreaks of the pest in both South Africa 
and Australia have been attributed to exceptionally dry, mild winters 
which made it possible for many adults to be present the following 
spring to start large early summer generations. ‘The successes attrib- 
uted to clean cultural methods for the eradication of the fruit fly in the 
apple orchards at Harvey, Western Australia, and possibly in New Zea- 
land and Tasmania, may be due quite as much to the work of adverse 
climatic conditions. The effect of climate upon fruit-fly development 
can not be intelligently interpreted, inasmuch as previous writers 
have not included climatological data with their statements. 


PARASITES. 


CERATITIS AND Dacus PARASITES. 


Literature contains numerous references to parasites reared from 
various species of fruit flies. The only parasites discussed at length 
here are those which have been successfully introduced and give 
promise of being useful as factors in controlling Ceratitis capitata. 
Of the parasites at present being reared from Ceratitis capitata under 
natural conditions, Opius humilis is the only one reared originally 
from this fruit fly.1 All other parasites now known to attack Ceratitis 
capitata in the field in Hawaii have adapted themselves to this host. 
There appears to be no reason why certain others of the parasites 
already reared from other fruit flies may not be used ultimately in con- 
trolling the Mediterranean fruit fly. Silvestri records and discusses 
the following parasites studied by him: 


BRACONID. 


Subfamily Opiinae: Opius concolor Szepligeti (ex Dacus oleae, Susa,Tunisia),O.dacicida 
Silvestri (ex Dacus oleae, Eritrea), O. lounsburyt Silvestri (ex Dacus oleae, Transvaal), 
O. dexter Silvestri (ex Dacus longistylus, Dakar, Senegal), O. perproximus Silvestri (ex 
Dacus brevistylus and Ceratitis giffardi, Kotonou and Segboroue, Dahomey), O. per- 
prozimus modestior Silvestri (ex Ceratitis nigerrima Aburi, Gold Coast, and Olokemeji, 
Nigeria), O. humilis Silvestri (ex Ceratitis capitata, Constantia, Cape Colony), O. in- 
consuetus Silvestri (ex Ceratitis tritea, Olokemeji, Nigeria), O. inquirendus Silvestri 
(identity of host unknown, Victoria, Kamerun), O. africanus Szepligeti (ex Dacus oleae, 
South Africa and Transvaal), O. africanus orientalis Silvestri (ex Dacus oleae, Eritrea), 
Hedylus giffardii Silvestri (ex Ceratitis punctata, Conakry, French Guinea), Diachasma 
fullawayi Silvestri (ex Ceratitis giffardi and tritea, Dakar, Senegal, Olokemeji, Nigeria, 
and Kakoulima, French Guinea), D. fullawayi robustum Silvestri (ex Dacus bipartitus, 


1 The writers reared a single specimen of a parasite from a C. capitata pupa which was identified by D. T. 
Fullaway as Spalangiasp. It seems probable that this was primarily a parasite of some other dipteron, as 
no other specimens were reared. 
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Conakry, French Guinea), D. tryont Cameron (ex Bactrocera tryoni, New South Wales 
and Queensland, Australia), Biosteres caudatus Szepligeti (ex Ceratitis giffardi, tritea, 
nigerrima, anonae, antistictica, and Dacus bipartitus and brevistylus, West Africa). 
Subfamily Sigalphinae: Sigalphus daci Szepligeti (ex Dacus oleae, Transvaal). 
Subfamily Braconinae: Bracon celer Szepligeti (ex Dacus oleae, Stellenbosch and 
Wellington, South Africa). 
PROCTOTRUPIDAE. 


Subfamily Diapriinae: Galesus silvestrit Kieffer (ex Ceratitis anonae, Olokemeji, 
Nigeria; ex C. nigerrima, Aburi, Gold Coast; ex C. giffardi, Kotonou, Dahomey), 
G. silvestrirobustior Silvestri (ex Ceratitis punctata, Oonakry, French Guinea), Tricho- 
pria capensis Kieffer (ex C. capitata, Constantia, Cape Colony). 


CHALCIDIDAE. 


Subfamily Chalcidinae: Dirhinus giffardii Silvestri (ex Ceratitis anonae, Olo- 
kemeji, Nigeria), D. ehrhorni Silvestri (ex Ceratitis giffardi, Olokemeji, Nigeria). 

Subfamily Pteromalinae: Spalangia afra Silvestri (ex Ceratitis anonae, Olokemeji, 
Nigeria). 

Subfamily Eulophinae: Tetrastichus giffardi Silvestri (ex Ceratitis antistictica, 
-gifardi, colae, and Dacus bipartitus, West Africa), T. oxyurus Silvestri (ex Ceratitis 
tritea, Olokemeji, Nigeria), T. giffardianus Silvestri (ex Ceratitis giffardi, Nigeria and 
Dahomey), 7. dacicida Silvestri (ex Dacus bipartitus, West Africa), Syntomosphyrum 
indicum Silvestri (ex Dacus, India). 

In addition to these, Ihering records the following parasites from Brazilian fruit 
flies: Eucola (Hexamerocera) brasiliensis Ashmead, Butosteres brasiliensis Szepligeti, 
B. areolatus Szepligeti, B. sp., and Optellus trimaculatus. Gowdey states that he 
reared a single chalcidid parasite from C. capttata pupe in one out of many attempts 
to secure parasites. 


To the foregoing list of fruit-fly parasites should be added Pachy- 
crepoideus dubius, introduced by D. T. Fullaway at Honclulu from the 
Philippines during the early part of 1914. Although a parasite of a 
dung fly (species not recorded) and introduced to aid in the control 
of the horn fly, it has since been reared nom C. capitata pup by the 


writers. 
GENERAL HISTORY OF PARASITE INTRODUCTIONS. 


Attempts have been made to introduce fruit-fly parasites to control 
Ceratitis capitata from India into Western Australia by Compere, 
from India into South Africa via Western Australia by Lounsbury, 
from India into Italy by Silvestri, from Brazil into South Africa by 
Lounsbury and Fuller, and from Africa and Australia into the 
Hawaiian Islands by the Hawaiian Board of Agriculture and Forestry. 
So far as is at present known, these attempts have failed in all coun- 
tries except in the Hawaiian Islands. Compere arrived at Perth, 
Austraha, on December: 7, 1907, with fruit-fly pupe secured at 
Bangalore, India. Although he reared from these pup an esti- 
mated 2,000,000 specimens of Syntomosphyrum indicum and 300 
specimens representing two braconid species and was able to make 
numerous liberations in badly affected areas, the West Australian 
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fruit growers have received no appreciable benefit. Newman, in 
1908, stated that he had collected in the field during that year pup 
of C. capitata parasitized by the introduced parasites. In 1909 he 
stated, however, that the chalcid and braconid parasites, although 
liberated for over 15 months, had not yet produced evident results, 
and in 1911 he wrote that although Syntomosphyrum indicum had 
been reared and liberated in large numbers during the previous four 
years, it did not appear to be estabiished and there seemed little 
prospect of favorable results. 

In 1905 Lounsbury and Fuller investigated fruit-fly conditions in 
Brazil and secured parasitized pups of Anastrepha fratercula, but 
they were unable to reach South Africa with living parasites. Para- 
sitized pupe of C. capitata were sent from Western.Australia to Dur- 
ban and Cape Town during 1908, but Lounsbury reported ia 1909 
that the introduction was unsuccessful. Silvestri, on his return in 
1913 to Hawaii from West Africa, left in South Africa specimens of 
Dirhinus and Galesus, but they were unable to survive the following 
winter according to Lounsbury. Silvestri states that although he 
introduced Syntomosphyrum indicum into Calabria, Italy, he had not 
been able to prove that it had become established. 


INTRODUCTION OF PARASITES INTO HAWAII. 


The search for and discovery, the introduction, and subsequent 
establishment of parasites of Ceratitis capitata in the Hawaiian Islands 
form an interesting and important chapter in the history of this world- 
wide pest. The writers are able to state definitely, as a result of 
their biological work between September, 1912, and May, 1913, that 
no parasites of Ceratitis capitata were present in Hawaii up to the time 
when the first introductions were made in May, 1913, if we except the 
Spalangia sp. referred to on page 80 (footnote). At the present time, 
January 1, 1916, all larval parasites (Opius humilis, Diachasma tryoni, 
D. fullawayi, and Tetrastichus giffardianus) that have been liberated 
are being recovered in the field, and practically every lot of larve 
reared from samples of fruit collected in the littoral regions are found 
to be parasitized by one or more parasites. From exceptional lots all 
four parasites have been reared. The two pupal parasites, the proc- 
totrupid Galesus silvestrit and the chalcid Dirhinus giffardi, have 
never been recovered by the writers and will not be the subject of 
further discussion. 

The parasites at present attacking Ceratitis capitata in Hawaii have 
been introduced by the Hawaiian Board of Agriculture and Forestry. 
Much credit is due Mr. W. M. Giffard, who, as president of this board, 
was able to make arrangements for the Silvestri and the Fullaway- 
Bridwell expeditions to Africa. Dr. Silvestri set out from Italy during 
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July, 1912, and arrived at Honolulu May 16, 1913. During this time 
he searched for parasites in the West African States of Senegal, French 
Guinea, Nigeria, Kamerun, Gold Coast, Dahomey, the Kongo, and 
Angola; also in South Africa and in Australia. It is needless to say 
that Dr. Silvestri was unable to make a complete survey of fruit-fly 
conditions during so short a time, yet his investigations were success- 
ful, not only because they cleared the way for the Fullaway-Bridwell 
expedition, but also because they resulted in the introduction and 
establishment of Opius humilis and Diachasma tryon. Messrs. D. T. 
Fullaway and J. C. Bridwell sailed from Honolulu on the second expe- 
dition during June, 1914, and arrived at Lagos, Nigeria, on July 24. 
On August 19 Mr. Fullaway took the parasitized material collected by 
the expedition at Olokemeji, near Lagos, and sailed for Teneriffe, 
Canary Islands, where he was able to use C. capitata in rearing nik 
tional specimens of the parasites emerging from the Nigeria material. | 
With fresh material, Fullaway sailed from Teneriffe September 27 for 
Hawaii via Bipeenne Key West, Jacksonville, New Orleans,.and San 
Francisco, arriving at Honolulu on October 27. On arrival he had 
living material of Tetrastichus giffardianus, Diachasma fullawayi, Opius 
sp., and Spalangia sp. 

Mr. Bridwell proceeded from Lagos with an excellent supply of 
parasitized material, particularly of what appeared to be a new opiine 
collected at Olokemeji during the period August to October, 1914, to 
Honolulu via Cape Town and Australia. Unfortunately, he was 
overtaken before reaching Cape Town with a severe illness which 
necessitated stops for recuperation in South Africa and Australia of 
sufficient duration to make it impossible for him to bring living 
parasites with him to Hawaii. 

It has already been stated that early m 1914 Mr. D. T. Fullaway 
introduced at Honolulu a species of dung-fly parasite, Pachycrepoidius 
dubius Ashm, (Pl. XX, fig. 2) which was reared in small numbers 
by the writers from C. came pup during 1915. 


TETRASTICHUS GIFFARDIANUS SILV. 


HISTORY. 


Tetrastichus giffardianus Silv. was confused with T. giffardii Silv., 
both in the mind of its author and in those of entomologists in 
Hawaii. The latter species was first reared from Ceratitis colae by 
the entomologist (1912-13) of the agricultural station at Aburi, Gold 
Coast, Africa. These specimens were identified by Dr. Silvestri as 
in Search of the Natural Enemies of Fruit Flies. F. Silvestri. Bull. 3, Haw. Bd. Agr. and Forestry, 


Feb., 1914; Report of the Work of the Inseetory. D. T. Fullaway. In Rept. Div. Ent. Haw. Bd. 
Agr. and For., for the biennial period ending Dec. 31, 1914. 
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new to science. Silvestri reported having reared giffardu during the 
period November, 1912, to February, 1913, from Ceratitis antistictica 
and C. giffardii at Olokemeji, Southern Nigeria; from C. giffardit at 
Kotonou, Dahomey, and from Dacus bipartitus at Victoria, Kamerun. 
Silvestri was unable to keep adults alive during the passage from 
West Africa to Honolulu. 

In March, 1915, Silvestri published. the description of T. gifardi- 
anus, stating that previous to then he had confused the species with 
giffardu. T. giffardianus was reared by Silvestri from Ceratitis 
giffardii Bezzi, collected at Olokemeji, southern Nigeria, mie at 

Kotonou, Dahomey. 

It was T. giffardianus Silv. and not T. giffardii that was puitictel 
by the Fullaway-Bridwell expedition and introduced into Hawaii at 
Honolulu on October 27, 1914. This 
fact should be borne in ei because 
much of the literature dealing with 
parasites of O. capitata in Hawaii refers 
to T. giffardianus as T. giffardi. 
References to Tetrastichus as a para- 
site of Ceratitis capitata in Hawaii 
should be interpreted to refer only to 
T. giffardianus. 

Fullaway introduced into the Ha- 
waiian Islands 300 living specimens of 
both sexes of JT. giffardianus. By De- 
cember 31, or after about two months 
of breeding in the laboratory, these 
. ot = ns Py aay 300 had increased to 21,431 specimens. 
oahu giferdannas# V OF these, 18,050 were liberated on 

of same, showing spiracles; c, mouth Oahu, Hawaii, and Kauai by Janu- 
Sant Tas 5d, egg. Greatly ory 1,1915. Although many thousand 
specimens have been liberated since De- 

cember, 1914, none had been, recovered as late as February, 1916, 
from any island except Oahu.!' In Honolulu specimens have been 
reared from widely separated points, which would seem to indicate 
that this parasite has been established successfully. The first recov- 
eries were made by the writers during September, 1915, in Honolulu. 


i DESCRIPTION. 


Adult.—Both sexes of the adult are black with a slightly dark- 
green iridescence. The antenne are rather dark, as are also the 


1 Exception: One lot of 46 pup of C. capitata from coffee cherries collected June 18, 1915, at Kainaliu, 
Hawaii, showed a parasitism of 63 per cent by Opius humilis, 30.4 per cent by Diachasma tryoni, and 2.1 
per cent by Tetrastichus giffardii. 
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Fig. 2.—PACHYCREPOIDEUS DUBIUS: ADULT FEMALE. GREATLY ENLARGED. (ORIGINAL.) 
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Fic. 1.—DIACHASMA FULLAWAYI: ADULT FEMALE. GREATLY ENLARGED. (ORIGINAL.) 
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Fic. 2.—DIACHASMA TRYONI: ADULT FEMALE. GREATLY ENLARGED. (ORIGINAL.) 
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femora, but the tibie and tarsi are more yellowish. Length of body, 
about 2mm. For the original description see Bolletino del Labora- 
torio di Zoologia, Portici, volume 9, page 374 (1914-15). 

Egg.—The egg is pure white, about 0.11 mm. long, and shaped as 
shown in figure 17, d. 

Larva.—The well-grown larva is white and grub-like, about 1.8 
mm. long (fig. 17, a). When viewed from above, spiracles are evident 
on segments 3-9 (fig. 17, b). -The mandibles are microscopic (fig. 
17,c). When first hatched, larve are about 0.28 to 0.3 mm. long. 

Pupa.—The pupa is about 1.9 mm. long. (See fig. 18.) 


BIOLOGY. 


Silvestri was unable to keep adults of giffardii (or giffardianus %) 
alive for more than 15 days. His original statement that the female 
deposits her eggs within the eggs or young larva of 
the host has been proved by Fullaway and the 
writers to be incorrect. Oviposition by T. giffardi- 
anus occurs largely in the well-grown larve as in 
the case of the Opiunae. The adult parasite will 
enter larval chambers and breaks in the host fruit 
in search of fruit-fly larve as has been proved by 
the writers under laboratory conditions, and accu- 
mulating data seem to indicate that adults oviposit 
for the most part in larve within fruit already 
fallen to the ground. Adults are capable of begin- 
ning oviposition as soon as they’emerge from the 
puparium of the host. The female does not neces- 
sarily make a new puncture in the epidermis of its 
host for each egg deposited; in one instance 41 eggs 
were deposited through 17 punctures. When the 
female comes upon a larva within a larval channel, Fic. 18— Tetrastichus 
she deposits her eggs at points about its posterior — @/aionu’: Lees 
portion, but when access to the larva can be had Normal length, 1.9 
through a thin membrane of the host fruit, she may = ™™ (msm!) 
deposit her eggs in any portion of the body. The punctures in the 
epidermis are evident as small dark brown depressions. Of a total 
of 322 adults reared from 20 pupe, 194 were females and 128 were 
males; the number of adults reared from single pupe varied from 1 
to 35. 

_ When the temperature ranges between 66° and 82° F., with a mean 
of about 74° F., eggs hatch in about 3 days, the larve become full 
grown in about 8 days, and the pupz yield adults in from 11 to 15 
days. 
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Oprrus HUMILIS SILy. 


HISTORY. 


Opius humilis Silv. (Pl. XX, fig. 1) was first reared and described by 
Silvestri from pupe of Ceratitis capitata collected at Constantia, Cape 
Colony, Africa, durmg March, 1913. This parasite does not appear 
to be an effective factor in the control of Ceratitis capitata under 
South African conditions. Silvestri reared only a few specimens of 
which he had only 5 representing both sexes in a living condition 
when he arrived at Honolulu, May 16, 1913. Although after Silvestri _ 
arrived at Honolulu he was able to rear 
fresh material, the danger that the prog- 
eny would be males only was so great that 
3 females, with males, were liberated in 
the coffee fields of Kona, Hawaii, on June 
12,1913. This precaution alone saved the 
species from extinction in the islands, as 
the progeny of the specimens kept in the 
laboratory proved to be males. During 
October, 1913, large numbers of Opius 
humilis were recovered from Ceratitis ca- 
pitata larvee in coffee cherries in Kona, 
Hawaii, and it was found that the species 
was wellestablished. From the specimens 

Ero eee tuscan 3 recovered from Kona, colonies were reared 
day old, length 0.45 mm.; 5, egg3 and liberated in other parts of the islands. 
te old, length 0.8mm. (Origi- No specimens were liberated in Honolulu 

until December, 1913. By July, 1914, 
humilis was found well established in the city, and by December of 
that year data already published! prove it to have become very 
abundant and widespread. 


DESCRIPTION. 


Adult.—The original description of the adult by Silvestri is as 
follows: 


2 Body ochraceous in color, antennz brownish-fulvous, wings hyaline with the 
veins brownish and the central part of the stigma ochraceous-ferruginous, legs with 
pretarsi brown and the posterior tarsi also in great part brown. Head scarcely more 
than one-third wider than long, hairy; face with a slight median carina; epistoma 
slightly elevated; antennz a little longer than the body, with 35 segments; eyes a 
little more than twice as long as wide, their lower margin attaining the level of the 
superior margin of the epistoma. Mesothoracic scutum entire, smooth, with very 
short parapsidal furrows anteriorly; transverse prescutellar sulcus with eight small 


| Back, E. A., and Pemberton, C. E. Parasitism among the larve of the Mediterranean fruit fly (C. 
capitata) in Hawaii during 1914. Rept. Hawaii Bd. Agr. and For., Dee. 31, 1914. 
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pits; scutellum smooth with 3 or 4 small pits and a large deep one; metanotum with a 
short median carina, on the submedian part shortly crenulate before the sublateral 
pit; propodeum with a median carina, in some specimens divided from the base into 
two almost contiguous parallel arms posteriorly diverging, the remainder rugose; 
mesopleuralsulcusfalveolate. Wings with venation as shown in figure [Pl. XX, fig. 1.] 
Abdomen with the first segment rugose on the dorsum, the remainder smooth, with 
a few hairs; ovipositor almost straight, a little shorter than the abdomen. 

Length of body, 2.6 mm.; width of thorax, 0.79 mm.; length of antenne, 3.3 mm.; 
length of front wing, 2.6 mm.; width of same, 1.15 mm.; length of third pair legs, 2 
mm.; length of ovipositor, 1.15 mm. 

Egg.—The egg when first deposited is about 0.45 mm. long, white 
and of the shape indicated in fig. 19,a. As the embryo develops, the 
entire ege increases in size 
until when between 2 and 3 
days old (Feb., 1916) it be- 
comes about 0.8 mm. long, 
and over twice as wide as 
when first deposited, with a 
protuberance at the anterior 
end. The developing em- 
bryo may be readily seen 
through the egg membranes 
(fig. 19, b). a 

Larva.—The white, newly 
hatched larva is about 1mm. 
long. It has a rather large 
head and 12 distinct body 
segments. (Seefig.20.) On 
the anterior ventral portion 
of the first body segment is 
a pair of appendages (fig. 20, 

b, d), which the larva does mg. 20.—Opius humilis. Larva: a, Ventral, and 5, lateral 
not appear to beable to move view of newly hatched larva; c, ventral aspect of head of 
: : same; d, enlarged thoracic appendage. (Original.) 

at will or to use as an aid to 

locomotion. The jaws are very large and strong, being much larger 
in proportion than in the succeeding instars (fig. 20, c). The ven- 
tral portion of the head, behind the mandibles, is rather strongly 
chitinized, forms a support for the latter, and bears on its anterior 
margin two toothlike projections. On the ventral anterior portion 
of the head are two fleshy antennal protuberances. The thoracic 
appendages and large mandibles are lost after the larva molts into 
the second instar. 

Pupa.—tThe pupa is about 2.3 mm. long (fig. 21). It is very 
readily distinguished from the other opiine pupz by the short 
ovipositor sheath. 
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DIACHASMA TRYONI CAMERON. 


HISTORY. 


Diachasma tryoni Cameron (Plate XXI, fig. 2) is primarily a para- 
site of the Queensland fruit fly (Bactrocera tryont) and was first reared 
by Brooks and Gurney in New South Wales durig 1908, and described 
as a new species by Cameron in 1911. Of 1,575 pupe of Bactrocera 
tryont secured by Gurney from 18 different lots of fruits during the 
period from January, 1910, to February, 1911, 30.2 per cent were 
parasitized; the highest percentage of parasitized being 52.2 per cent 
of 136 pup secured at Narara during February, 1910. During 
April, 1913, at Gosford the parasitism equaled 70 per cent. While 
Diachasma tryont in Australia attacks principally the Queensland 
fruit fly, it has been definitely reared there from 
Ceratitis capitata under field conditions, and the 
indications are strong that it may attack also the 
island fruit fly, Trypeta musae Frogg. It was 
the opinion of Gurney that this parasite might, 
upon occasion, become a valuable check upon 
C. capitata. 

While en route to Honolulu from West Africa, 
Silvestri, aided by Gurney, secured pupz of Dacus 
tryont in New South Wales. From these pupe 
Silvestri reared adults of Diachasma tryoni, of 
which he succeeded in introducing at Honolulu 4 
female and 3 male specimens on May 16, 1913. 
Silvestri soon found in his rearing experiments in 
Honolulu that the progeny were largely of the 
male sex, hence 4 females, with males, were liber- 


Fia. 21.—Opius humilis: x - : ms 
Lateral view of pupa. ated June 12 in the Kona coffee district of Hawaii, 


Greatly enlarged. 3 females, with males, on July 4 at Waianae, and 


= * Ai . -2 
(Original. 9 females, with males, on July 11 in Kona, Hawaii. 


As all the progeny of the remainder of the material held at the 
insectary were males, the specimens of this parasite now in Hawaii 
are the progeny of 24 females liberated during June and July, 1913. 
The first recovery of Diachasma tryont was made by Ehrhorn during 
August, 1914, from C. capitata pupe from the Kona district of 
Hawaii. During October, 1914, a systematic collection of infested 
coffee cherries throughout this district proved tryoni to be thoroughly 
established. Although 3 females were liberated at Waianae, Oahu, 
on July 4, 1913, no specimens were liberated in and about Honolulu 
until early in 1915. Yet by October, 1915, this parasite was being 
reared ‘in small numbers from C. capitata pupe obtained in various 
parts of the city. 


1 Back, E. A., and Pemberton. C. E., Parasitism among the larve of the Mediterranean fruit fly 
(C. capitata) in Hawaii during 1915. Jour. Econ. Ent., v. 9, 1916, p. 306-311. 
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ie DESCRIPTION. 
Adult.—Silvestri’s description of the adult is as follows: 


®. Head, thorax, first segment of the antenne, front and middle legs testaceous- 
ferruginous in color; abdomen in great part brown or shining blackish brown; wings 
slightly infuscate, with the stigma and veins brown; third pair of legs entirely brown 
from apex to trochanters. Head a little broader than the thorax, about one-fourth 
wider than long with a slight median longitudinal ridge on the face, epistoma slightly 
semicircularly produced in the middle; antenne longer than the body, with 45 seg- 
ments; eyes small, twice as long as wide. Mesothoracic 
scutum with the parapsidal furrows smooth and deep, con- 
vergent, uniting in a deep median pit situated a little before 
the posterior margin; transverse prescutellar sulcus with 
a large pit divided into four small ones and each provided 
also with an incomplete posterior division; scutellum smooth; 
parascutellar pit with an internal scarcely visible crenulation; 
metanotum with a short very slight median carina flanked by 
two small depressions, lateral pit with an abbreviated carina; 
propodeum with asmall anterior conical protuberance directed 
forward, median and submedian surface almost smooth, a lit- 
tle rugose at the sides and posteriorly, mesoplural sulcus 
crenulate. Wings with the venation shown in figure [PI. 
XXI, fig. 2.] Abdomen with all the segments smooth and 
shining, with few hairs; ovipositor about as long as the body. 
Length of body, 3.5-4.5 mm.; width of thorax, 0.95 mm.; 
length of antenne, 5 mm.; length of front wing, 4 mm.; 
width of same, 1.7 mm.; length of third pair of legs, 4.4 mm.; 
length of ovipositor, 4.5 mm. Fig. 22.—Diachasma try- 

3. Similar to the female. We aon ete: 

Larva.—Oval in form, whitish, with the skin smooth and ap- (Ouse: oe ce 
parently naked, but under strong magnification may be 
seen to be provided with dense, small, and slender points. Mandibles short, slightly 
arcuate. and gradually attenuate, terminating in a point. Antenne very short. 
Length of body, 3 mm.; width, 1.6 mm. 


Egg.—The egg of Diachasma tryona is glistening white, about 0.57 
mm. long and distinctly attenuated at each end. 

Larva.—The newly hatched larva, which is about 1 mm. long, is 
similar to that of Opius humilts (fig. 20, a, 6) and Diachasma fullawayt 
in general shape and in the possession of two ventral appendages 
upon the first body segment. The proportionately large jaws are 
similar to those of newly hatched larve of humilis and fullawayr 
but slight distinguishing characters can be found in the large chitinous 
ventral plate of the head. 

Pupa.—rThe young pupa is white in color, about 4 mm. long, 
1.7 mm. wide, and may be distinguished from that of either humilis 
or fullawayr by the length of the ovipositor. (Fig. 22.) 


DIACHASMA FULLAWAYI Smy. 


HISTORY. 


Diachasma fullawayi (Plate XXI, fig. 1) was first reared: and de- 
scribed by Silvestri from pupze formed by larve of Ceratitis giffardr 
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collected in the fruits of Chrysobalanus on August 2-3, 1912, at 

Dakar, Senegal. Silvestri later reared specimens from C. giffardi and 

C. tritea at Olokomeji, Southern Nigeria, and from C. giffardi at 

Kokoulima, French Guinea. He was also able to rear this parasite 

at Dakar from pupz formed by larve of C. giffardi parasitized ex- 

perimentally during the period September 6 to 8, 1912. He was 

unable, however, to arrive at Honolulu with living specimens and it 

remained for the Fullaway-Bridwell expedition of 1914 successfully to 

introduce D. fullawayi into Hawaii from Olokomeji via Teneriffe, 

Habana, and the southern United States. Fullaway arrived at Hono- 

lulu on October 27, 1914, with 12 female and 19 male specimens. 

These had multiphed in the laboratory to 419 females and 1,000 males 

by December 31, and of this number 35 and 160 specimens were 

liberated during December at Maunawili, Oahu, and Kona, Hawaii, 

respectively. Although many 

E specimens have been and are still 

Sg Wes being reared and liberated, this par- 

ENS asite appears to be well Letabiahed 

on the Island of Oahu. In the 

Kona District of Hawaii, however, 

where it should have become estab- 

lished with greater ease, only two 

specimens have been reared from 

larvee emerging from coffee cherries. 

These twospecimens of D. fullawayi 

Fig. 23.—Diachasma fullawayi: Ventralaspect of on Hawaii were. reared by the 

head of newly hatched larva; greatest width, writers from larvse collected at 

ee eae Kainaliu on January 15, 1915, and 

February 13, 1916, or about 1 and 13 months, respectively, after the 

original liberations at this point.’ 

On Oahu, particularly in and about Honolulu, this parasite has 

multiplied with rapidity and was found well established in all parts 
of the city during September and October, 1915. 


DESCRIPTION. 


Adult.—The original description of the adult is as follows: 


2. Body ferruginous or ochraceous-ferruginous with the antennze fulvous brown, 
the wings hyaline, with the veins fulvous brown and the stigma, in part fulvous- 
ferruginous, tarsi of the posterior legs slightly brownish. Head somewhat broader than 
long, densly covered with piliferous points, with the face slightly inflated in the 
middle to form a carina, antenne longer than the body, with 44 segments. Eyes 
small, about twice as long as wide. Mesothoracic scutum with deep converging 
parapsidal furrows which meet a little before the posterior margin in a deep common 
pit; from this pit a median furrow proceeds directly forward, at first deep but gradu- 
ally disappearing on the surface near the middle of the scutum; the entire surface 


1 fxaminations made by C. E. Peribertont in ond turing May and June, 1916, found it to be eavawuahed 
beyond question, 
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rather densly and closely hairy; transverse prescutellar sulcus provided with four 
deep pits, of which the lateral ones are deeper than the median; the scutellum is 
smooth and rather hairy; slightly crenulate laterally before the prealar pit; metano- 
tum with a small median pit divided by a short carina, crenulate on the sides; pro- 
podeum strongly and irregularly foveolate. Front and hind wings with the venation 
shown in figure [P]. X-XI, fig. 1]. Abdomen with the first segment smooth; ovipositor 
straight, longer than the abdomen. Length of body, 3.6 mm.; width of thorax, 0.1 
mm.; length of antenne, 5.2mm.; length of front wing, 3.7 mm.; width of same, 1.37 
mm.; length of third pair of legs, 4 mm.; length of ovipositor, 3.5 mm. 

é. Differs from the female in having the wings more or less infuscate. 

Larva.—The newly hatched larva is similar to that of Opius humilis, 
as illustrated by figure 20, a, b, as well as that of Diachasma tryoni, 
but it may be readily distinguished from that of D. tryoni by the pos- 
session of three instead of two toothlike projections 
on the anterior margin of the ventral chitinized 
plate of the head (fig. 23). 

Pupa.—The pupa, which is about 3.2 mm. long, 
is most easily recognized from that of humilis and 
tryont by the length of the ovipositor. (Fig. 24.) 


BIOLOGY OF THE OPIINE PARASITES. 


Very little is known regarding the details of the 
life history of the three opiine parasites introduced 
into Hawau. The biology of parasites now attack- 
ing Ceratitis capitata in Hawaii is at present being 
made the subject of special investigation by the 
junior writer. No data on the length of the vari- 
ous stages have been published except by Silvestri 
and Gurney. Silvestri’s statements may be sum- cn Pee 
marized as follows: That adults of Opwws humalis _ otpupa; normal length, 
emerging on April 3, 1913, were still alive on his = 2bout 4 mm. (Origi- 
arrival at Honolulu on May 16, when they depos- nny 
ited eggs from which adults developed within 14 days; that eggs of 
Diachasma fullawayi, at Dakar, Senegal, deposited on September 6 to 
8, 1912, developed adults September 21 to 24, and that D. tryont can 
complete its egg, larval, and pupal development in from 14 to 16 
days. The data supplied by Gurney deal with D. tryoni only and 
will be considered later. The information of the writers is not com- 
plete and therefore is given as follows in the form of biological notes 
in anticipation of a more complete publication. It might be added 
that such data as are presented here were obtained incidental to other 
work. 

Length of adult life-—Adults die in about 48 hours if not fed. 
When confined in test tubes 14 inches in diameter and about 8 inches 
long and fed daily, they live much longer, as indicated by the datain 
Table XXIV. i 
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TaBLE XXIV.—Longevity records of Opius humilis and Diachasma tryoni} at Hono- 
lulu from November, 1914, to March, 1915. 


} 
| Number of Epeame | Number of specimens 
dead. ead. 
Age on Age on 
date of date of 
observa- | O.humilis. | D.tryoni. || observa- | O.humilis. | D.tryoni. 
tion. tion. 
5H 2 of g lgati g of g 
i] 
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62 1 6? |b. fee eee 1072 asses s Vee eae PE Ee Se 
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1 No record was kept of adults dying during first 23 days after emergence. 


Fourteen females of Opius humilis lived to be over 100 days old; 
the last two being 125 days old. One female Diachasma tryom 
lived to be 125 days old, although this species appears to be more 
frail and less able to survive captivity. Unfortunately no record 
was kept of the number of adults of either species dying during 
the first 23 days after emergence. 

Proportion of sexes.—A count of the sexes of 25 lots of Opws 
humilis reared from C. capitata developing in various fruits during 
September and October, 1914, showed 145 specimens to be females, 
and 141 males. 

Mating.—Mating may occur immediately after emergence in all 
three species, Opius humilis, Diachasma tryoni, and D. fullawayi. 
Virgin females may deposit parthenogenetic eggs which, however, 
develop males only. 

Length of life cycle.-—There are no satisfactory data on the length 
of the life cycle under varying climatic conditions. The statement 
of Silvestri that the egg, larva, and pupa stages may be completed 
in from 14 to 16 days is a safe estimate for the minimum length 
required for the development of these stages. Specimens of O. 
humilis, developing from eggs deposited August 21 to 22, 1914, 
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were already in the pupa stage when examined on August 31, and 
emerged as adults 13 to 16 days after the eggs were deposited. The 
temperature during this period ranged between 74° and 85° F., with 
a mean of about 79° F. In Table XXV are the summaries of emer- 
gence from 35 lots of C. capitata pupz secured from various fruits, 
and these are presented since they demonstrate clearly that which 
more detailed data will prove further—that O. humilis passes through 
its immature stages more rapidly than either D. tryon or D. fullawayi. 
As the eggs of the parasites are deposited within the well grown 
larva before it leaves the host fruits, from 1 to 4 days should be added 
to the duration of the immature stages indicated in Table XXV. 

Three O. humilis emerged April 3 from C. capitata pupe formed 
at Honolulu February 2, 1915, placed on Hualalai (temperature 
range, 31°-70° F.) February 11, taken to Kealakekua March 26, and 
to Honolulu March 29; i. e., the duration of the immature stages 
was increased by this combination of cool weather to about 60 days. 
Many records on file, not included in Table XXV, indicate that 
detailed data will show more convincingly that O. humilis is less 
affected by cold weather than either D. tryoni or D. fullawayr. 

Dormancy.—There appears to be no tendency for the larve of 
. O. humilis to pass through a period of dormancy. The larve of 
D. tryom and D. fullaways often apparently suspend activity when 
they become full grown and remain dormant for several months. 
Gurney first observed this phenomenon in the development of 
tryom. CO. capitata pupe collected on February 2,:1915, produced 
adults of tryont normally as indicated by the data in Table XXYV, 
but two individuals emerged on May 5 and 27, respectively, or 92 
and 114 days after the pupation of the host. Larve of tryoni and 
fullawayi in C. capitata larvee in fruits gathered November 27,1915, 
were still in the mature larva stage at the end of eight months (July, 
1916). Similar data on the duration of other individuals are on 
file. Mr. J.C. Bridwell has stated to the writers that he has observed 
this same resting period among the larvee of an undetermined African 
opiine, certain adults of which emerged three and four months after 
the pupation of the host fruit fly. 

Instar of larve parasitized.—It is generally eerniiicd by those 
rearing parasites in Hawaii that the adult parasites deposit their 
eges, for the most part, in well grown third-instar larve while the 
fruits are still attached to the tree or have fallen to the ground.! 
The data in Table X XVI show a rapid decrease in the percentages 
of parasitism among larve emerging from fruits during each suc- 
ceeding two or three day interval after the gathering of the host 
fruit. 

1 A former statement by the writers that the opiines oviposit for the most part in larve in fruits still 


attached to the tree is subject to modification. While oviposition occurs chiefly in coffee cherries ate 
tached to the tree, oviposition in kamani nuts occurs largely after the fruits have fallen. 
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Taste XXVI.—Percentage of GEaetisin among larve of the Mediterranean fruit fly 
emerging during various periods after the gathering of the host fruit (coffee). 


Percentage of parasitism. 


Number 
Date of Date of OL pune |S a a eee 
Locality. collection larval yielding t Dia- jatee 
of fruit. emergence. {adults or} Opius | (nasma | chasma | Total 
parasites.| humilis. tryoni. |fullawayi. : 

i Oct. 21-23. . 37 78.4 0 16.2 94.6 
Bie ee veiteet, Hono: hoet. 21, — |JOct. 23-25. 34 64.7 0 15 79.7 
ates Oct. 25-27... 52 20.0 0 5.4 25.4 
Dee. eae 256 G 5 Mi Opel 92.5 

. 10-13. 338 b : 78.1 79 
Beh Wetgie-F ance Vat. \Dee. 8, 1915 |{Dec. 13-16. 609 6 1 43.81 44.5 
y- ec. 16-18. 258 0 0 12.8 12.8 
Dec. 18-20. 76 0 0 6.6 6.6 

Dec. 1-2... 5 40 60 0 100 

Dec. 2-3.... 15 86.7 13.3 0 100 
ee caer Mana dis; \ee. 1,1915 Dec. 3-4... 21 71.4 23.8 0 95.2 
Dec. 4-5.... 33 66.6 21.2 0 87.8 
Dec. 5-6... 46 54.3 13 0 67.3 
June 18-19. . 46 63 30.4 0 93.4 
Kainaliu, Kona district...| June 18,1915 |; June 19-20. . 65 50.7 41.5 0 92.2 
June 20-21.. 107 56 32.7 0 88.7 
41 80.4 PP) 0 82.6 
Kahaloa, Kona district...) Oct. 30,1914 Nov. 8. 240 23.3 0.4 0 23.7 
125 3 0 0 3.7 

Ne ou soe 64 0 0 0 0 
eels ae 52 16.7 40.7 0 57.4 

Hookena, Kona district...) Oct. 31,1914 |{Nov. 8, ie 36 17 19 0 36 
: Nov. 6-9... 86 1.2 0 0 12 

Nov. 9-11... 7 0 Feat!) 0 0 


Resistance to cold-storage temperatures.—Indications are that Opus 
humilis can withstand greater cold for longer periods than can its 
host. Thus 5 O. humilis emerged from 2,500 C. capitata pupe after 
they had been refrigerated for 9 days at about 26° F. Four lots of 
1,200 pupe refrigerated at the same temperature for 5, 6, 7, and 8 
days yielded on removal to normal temperatures 30, 32, 8, and 4 
Opius. No adult C. capitata emerged from those pupe refrigerated 
from 5 to 9 days, but from 1,300 pupe, refrigerated at about 26° F. 
for a period of 4 days, 3 adults emerged along with 40 O. humilis. 

No adult C. capitata emerged from two lots of 1,900 and 4,500 
pupe refrigerated for 9 and 10 days, respectively, at 32° F., but 7 
and 13, respectively, of O. humilis emerged. From 1,228 pupe 
refrigerated for 18 days at 34° to 36° F. there emerged no adult 
C. capitata but 2 O. humilis. 


REARING PARASITES. 


In rearing parasites the writers have followed, in the main, the 
methods employed by the Hawaiian Board of Agriculture and 
Forestry as developed by Messrs. Silvestri, Fullaway, and Bridwell. 
The board failed to rear the opiine parasites successfully until Mr. 
J. C. Bridwell, then assistant superintendent of entomology, altered 
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_the procedure so that the parasites were given an opportunity to 
oviposit in the larve within host fruits under more normal conditions. 
The methods previously used permitted much moisture to gather on 
the sides of the glass jars in which the host fruits and parasites were 
placed. The method now recommended by Mr. Bridwell consists in 
the use of two ordinary nursery flats, the boxes being 16 by 12 by 3 
inches. Into one of these is placed a layer of dry sand and a wire 
container so arranged that it will hold the infested host fruits exposed 
within it clear of the sand. The second tray, the bottom of which 
has been replaced by fine-mesh copper wire, is used as a cover and 
is made sufficiently small so that it can be inverted and thrust down 
into the tray containing the sand and fruits as soon as vials containing 
the adult parasites have been unstoppered and placed upon the fruits. 
By pressing the edges of the covering tray well into the sand the adult 
parasites are prevented from escapimg and ants are, temporarily at 
_ least, prevented from interfering with the experiment. When the 
covering tray is in place, the wire-screen top is not far from the ex- 
posed fruits; hence the parasites are forced to confine their activities 
where they net the best results. The Bridwell method has not only 
made it possible to rear large numbers of opiines quickly and without 
skilled labor but is largely responsible for the success of the Fullaway- 
Bridwell parasite expedition to Africa. 

The writers have been able to rear both sexes of the opiine parasites 
in large numbers very easily since the summer of 1914 by merely 
placing in test tubes about 2 inches in diameter a number of infested 
host fruits and parasites. This method requires greater care and 
produces much sweating of the sides of the containers, but parasitic 
material of both sexes can be very quickly secured for experimental 
work, and the investigator has the advantage of being able to observe 
the activities of the adult parasites. The objectionable feature of 
excessive moisture was overcome by the use, in the summer of 1914, 
of a wooden box, the top and bottom of which was of fine-mesh 
copper wire which contained a sliding shelf made of coarse-mesh 
wire supported midway between the top and bottom of the box and 
which could be easily removed through one end of the box which 
was hinged. This device possessed the advantage, demonstrated by 
Bridwell, in that it prevented accumulations of excessive moisture 
and confined the parasites closely to their hosts, but was not so well 
adapted to the purposes of parasite work since the host larvee which 
pupated on the bottom of the box could not be so readily secured. 
After the host larvee have emerged from the exposed fruits the pup 
may be easily sifted from the sand beneath the fruits and held in 
glass jars until the adult parasites have emerged. J 

It was not necessary to expose adult opiine parasites to strong 
sunlight for a few minutes each day to hasten mating, as recommended 
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by Bridwell, and both sexes were obtained within the laboratory 
without this precaution, possibly owing to the fact that the labora- 
tories were remarkably well lighted. 

~ Cannibalism.—Although thousands of adults representing all three 
of these opiine parasites have been reared during the past two years, 
not more than a single individual has been reared from one fruit-fly 
puparium. Larve of the Mediterranean fruit fly within coffee cher- 
ries which had been exposed to the attack of Diachasma fullawayi 
during January, 1916, were found to have been attacked in several 
places, and examination made of the body contents of the parasitized 
fruit-fly larve proved that as many as 8 eggs had been deposited in 
certain instances. It seems very probable, therefore, that in the 
field, under normal conditions, adult parasites do not discriminate 
against larvee already parasitized when seeking a host and that due 
to an excessive number of parasitic larvee within a single host a cer- 
tain amount of cannibalism occurs. Cannibalism among opiine 
parasites was first observed by the senior writer while examining the 
body contents of larve parasitized by Diachasma fullawayi as pre- 
viously mentioned. A newly hatched larva was observed vigorously 
and effectively to attack a second larva of the first instar with its 
large mandibles. Later examination of large numbers of fruit-fly 
larvee by the junior writer have proved conclusively (1) that the last 
opline parasite to hatch within a host first kills all other parasitic 
larvee within the same host; (2) that the newly hatched larva is 
more capable of vigorous attack than one which has become engorged; 
and (3) that it may attack not only larve of another species but 
_those of its own as well. As’many as eight dead and one living first- 
instar larve have been found in a single host. 


STRUGGLE FOR SUPREMACY AMONG PARASITES. 


The parasites of Ceratitis capitata have been introduced too recently 
into Hawaii to warrant conclusive statements regarding the outcome 
of the struggle for supremacy which is clearly taking place. Opius 
humilis has an advantage among the opiines of being more hardy and of 
being able to pass through the immature stages more rapidly, and it 
is somewhat less affected by cool weather, whereas Diachasma tryont 
and D. fullawayi have the advantage of possessing much longer 
Ovipositors and are consequently better equipped to reach their host 
larve through the tissues of infested fruits. The more rapid develop- 
ment of the egg and larva stages of Opius humilis is, however, not in 
its favor when it is forced to compete within the same host with either 
Diachasma tryoni or D. fullawayi, owing to the cannibalistic habits 
of the newly hatched opiine larva, which impel it to seek out and 
destroy larve that have hatched earlier and already commenced 
feeding within the same host. 
81340°—18—Bull. 536——7 
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While it will probably take a number of years to determine just 
what advantage the longer ovipositor will afford Diachasma tryont 
and D. fullawayi over Opius humilis, the data in Table XXVII 
clearly demonstrate the value of the cannibalistic habits of the newly 
hatched larva to the more slowly developing species. 


TaBLe XXVII.—Percentage of parasitism by Opius humilis and Diachasma tryoni in 
larve of Ceratitis capitata in Kona, Hawaii. 


Barrgaleee of para- Percentage of para- 
Pates of sitism. Da ns 0 f sitism. 
mate arva. ca AREA oe ce, Pe arva 
Loeality. emergence, a Locality. emergence, Pa 
se ROR chasma} Total. oe beet cosine Total. 
mi | tryoni. 
Jan. 15-16 97.6 0.8 98.4 Mar. 24-26 81.2 0 81. 2 
Jan. -16-18 92.7 -8 93. 5 June 17-18 46.7 | ~ 40.3 87.0 
une 19-20 40 49.6 89.6 
Feb. 68| 85.3] 9.3| 94.6 || Honaunau..- 3 
Kainaliu Mar. 15-18 92 0 92.0 Sept. 19-20 13.9 65. 1 79.0 
pa era, Mar. 18-19 | 85.1 0} 85.1 Sept. 20-21] 10.6] 69.6] 80.2 
June 18-19 63 30. 4 93. 4 Feb. 6-8 79 0 79 
June 19-20 50. 7 41.5 92. 2 
June 20-21 56 32.7 88. 7 | June 16-18 31.4 23.9 55. 3 
Kealakekua - 
Jan. 19-20 82.8 3.4 86. 2 Sept. 18-19 17.6 67.6 85. 2 
Honaunau...|{Feb. 9-10 64. 2 Ant, 68. 9 Sept. 19-20 23 56. 4 79.4 
Mar. 19-24 73.9 6 74. 5 Sept. 20-21 37.3 48.3 85. 6 


Data previously published by the writers have shown that O. 
humilis itself is capable of killing as high as 80 to 100 per cent of 
the larve of Ceratitis capitata developing in coffee cherries in the 
Kona district of Hawaii. The data secured during 1915 showed 
that there was a decided increase in the percentage of parasitism 
caused by D. tryont. This increase, however, as shown by the data - 
of Table X XVII, was largely at the expense of O. humilis, since the 
total percentage of parasitism was not in excess of that which O. 
humilis could have brought about by its own efforts. In the absence 
of large amounts of data necessary to the definite estabushment of 
this point, the writers are of the opinion that similar fluctuations in 
the relative importance of humalis and tryoni are likely to oceur each 
year unless fullawayi becomes thoroughly established, in which case 
it is likely to supplant tryont. The gradual increase in the abund- 
ance of tryoni during the year is accounted for by the gradual removal, 
as the summer months approach, of the restrictions upon parasite devel- 
opment which cause a greater relative acceleration in the development 
of tryont than in the case of humilis. This, aided by cannibalism, 
explains the ascendancy of tryona during the summer and of humilis 
during the colder winter months. It would appear that C. capitata 
in the coffee sections of Hawaii would have been quite as effectively 
controlled had no opiine other than hwmilis been introduced. i 

It is doubtful if the same fluctuation in the relative abundance of 
tryont and fullawayi on the one-hand and of humilis on the other 
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will take place in the warmer littoral regions about Honolulu where 
checks due to cool weather are not so effective asin Kona. A study 
of the data in Table XXVIII shows that Diachasma fullawayi gives 
promise of being a most efficient parasite, particularly of fruit-fly 
larvee in coffee cherries, since almost unaided it produced a mortality, 
im one instance, of 92.5 per cent of 256 larve emerging from coffee 
cherries in Honolulu on December 8 to 10, 1915, which date was about 
one year after it had been liberated. 

Data more recently secured by the junior writer indicate that instead 
of supplementing the work of the opiines, Tetrastichus giffardianus will 
prove a competitor, as its larve appear to be able to hold their own 
against opiine larvee within the same host, usually causing their death. 
While both Tetrastichus giffardianus and Pachycrepmdeus dubius (Pl. 
XX, fig. 2) have been reared during 1915 and 1916, neither is suffi- 
ciently abundant to become an effective factor in control at present. 


GENERAL EFFECTIVENESS OF PARASITE CONTROL. 


Only a beginning has been made in determining the effectiveness 
of parasites as a control factor in the Hawauan Islands, yet the 
rapidity of establishment and increase of the parasites has been very 
gratifying. The data already published recording the percentage 
of parasitism secured during 1914 and 1915, together with the addi- 
tional data of Table XXVIII, indicate, however, that while para- 
sitism in such fruits as the coffee cherry is remarkably high, in fruits 
with a thicker pulp, such as the orange, it is very low. The data of 
Table XXVIII have been chosen particularly as they demonstrate 
that immense numbers of adult Ceratitis capitata are developed in 
spite of the excellent work of the parasites in certain host fruits. 
Since adult fruit flies can live many months and oviposit quite regu- 
larly as shown by the biological data, they have been able, with the aid 
of the unprecedented variety and abundance of host fruits growing in 
Hawaii, thus far to keep such an ascendency over their parasites 
that ee cause the infestation of practically all fruits which are per- 
mitted to ripen. It would appear that unless effective pupal or egg 
parasites are introduced, or unless care is given to the elimination of 
host fruits which more thoroughly protect the larve from parasite 
attack and to the planting of fruits in which the fly is heavily para- 
sitized, little of practical value can be expected from the parasites dis- 
cussed in this paper either in rendering host fruits entirely free from 
attack or in raising the present quarantine against Hawaiian fruits. 
In Kona, Hawaii, where the percentage of parasites in coffee cherries 
has been phenomenally high for two years, it has been high enough 
merely to render an occasicnal fruit free from attack. The control 


1The statement of W. M. Giffard that the infestation of coffee cherries during 1914 was at least 50 per 
_ cent less than during the previous year, and that in some fields it was difficult to find any great infesta- 
_ tion, should be interpreted as referring to the cherries which, although nearly all infested, were infested 
So late in development that their pulp was little affected when the fruits were picked. 
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executed by parasites has, however, effected a benefit to coffee grow- 
ers which has probably already repaid the Territory of Hawai for 
all money expended in parasite introduction, since the parasites, by 
greatly reducing the abundance of adult flies, have postponed the 
infestation of the pulp until the cherries ous become quite well 
ripened, at which stage little loss to the coffee results.1 


TaBLeE XXVIII.—Percentage of parasitism among larvx of the Mediterranean Fruit fly 
developing in host fruits during November, 1915-February, 1916.” 


fe 
SRS) 
3% 
ed 
Dateotldivaly |e 
3 « ate of larva ; 
Locality. Host fruit. emergence. | Bas 
EP 
ao 
6 hea, 
{<a 
Hilo, Hawaii: 
Pitman Street.......-.-..-- Coffee.......:..4- Nov. 18-22, 1915-} 11 
DOs aA 2 2cte ose ne leck ene Wing kamani-..| Nov. 20-25,1915 .| 16 
Ilo Hoteles 4 che. sere Cofiees. 25:5 52-2¢ Nov. 19-22,1915 . 5 
ive Miles 3ic' J. 2's EEL NSS owes. 2545s: Nov. 18-22,1915 .| 49 
Boarding School. -.-...-.-.|--.-.- dOse- bees" Nov. 20-29,1915 -| 90 
Kona, Hawaii: 
Kealakekua. - 223-222. 2seltl es dos. 4 es: Dee. ry ro ois pes 
sas ec. 3-4, Cuod 
Se Peper ea i ae eet: (Dee. 4-6/1915....| 119 
FAOTIAUHAIS f= otek met tate Faisal Go- SIEVE s Dec. 2-3,1915..--} 40 
Honolulu: 
1560 Beretania Street.....-. Moquate 27.2. e Dec. 15-20, 1915 .. 6 
Doze sleek 22 es dosisar 2s: Dec. 21-24,1915..} 10 
DOU. 26. shea! Se tee GOs. «f255322 Jan. 3-7,1916...-} 40 
Waikikins23:. 3.6. 2b piss Ball kamani. - .-| Dec. 20-27,1915-..| 302 
Ohua Pane... 54 ¥ A eee C0 (0k eh ie i Dec. 22-31,1915-.} 75 
Amana. teas i. fee. ee doy tes s-t08 Dec.29,Jan.1,1916| 186 
Qhuaibanes. 5.22.20 tbe 7 .|eo ee GOs tgs 2260 Jan. 4-14, 1916...| 430 
Queens Hospital.........-- C. oliviforme -...| Jan.25, Feb. 2,1916| 297 
IDG LT ELE he See ee GOs Esse Jan. 27; Feb.4, 1916] 818 
DO}. Se eS. 2 3h Ae eae do fiers Jan.29, ‘Feb. 9, 1916]1, 954 
DOs.) fh PEs oct ee (6 (oa Feb. 4-18, 1916. 870 
DO fe: jeer ose = M. elengi....--.- Jan.29-Feb.9 1916 1,543 
Dori fais a2 BAR ce GOs It Leet. Feb. 4-18, 1916... a 194 
DO 425522 de Fetes eet done 353. se Feb. 7-18, 1916... im 998 
1814 Ahuula Street......... Bunchosia. --.-- Nov. 24-29, 1915 .} 45 
Punahou Street.........-.-. Chinese orange. .| Jan. 1-10, 1916. 321 
Wilder and ‘Thurston |..... Gove. Sots der Dee. 17-22, 1915..| 14 
Streets. 
DO fA te Se tede Th Pe eRe: dose wi tssat Dec. 22-31,1915..| 286 
Wilder and _ Pensacola |..... dose -t ese Dec, 22-27,1915..| 45 
Streets. 
Upper Pauoa Valley...-...]..... Oz ereee em ae ree j hee 
A ‘ a 
Wilder and Keedmaku |....- Gon Lee Dec. 17-20,1915..| 143 
Streets. 
St. Mary Mission Dec. 16-24,1915..] 316 
1436 Young Stree -| Dee. 13-16, 1915 -. 5 
Hnos Lane...) pos eh EP Dec. 9-20,1915...] 182 
Makikiand Lunalilo Streets]... .. do Dee. 8-13,1915...} 59 
Nov. 26-29,1915 . 4 
Lunalilo Home.......-22..0- 2.2 Oe pa-cteeie setae nied Dec. 1, 43 
Dec. 1-6,1915..-.| 292 
1571 Makiki Street......... Coffee........--- Nov. 29, Dee. 1, 54 
1915. 
1752 Luso 'Street...!¢c = .j. 212. <. 2 GUE BE Se Dec. 8-13,1915...| 415 
Booth, Pauoa Valley.....-|.....do.......... Dec. 8-10,1915...| 256 
(7 We Pe ate ATEN aes dosage Dec. 13-16,1915..| 611 
eee Manoa Valley.......|..-... GOL LES et Dee. 9-13,1915...| 12 
Nuuanu Street........]..... Lifes en Oa bee Dee. 11-13,1915.. 22 
Peon Valoy hea) hs. ats dosti eS Jan. 1-3,1916.... 9 


2 Braces are used only when denoting the same lot of fruit. 


1 1 The oF to coffee growers age to excessive fruit-fly attack have been discussed on p. 34. 
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While it seems evident that the favored host fruits of C. capitata 
will always be well infested if present cultural conditions persist, it is 
hoped that the value of the parasites may be sufficiently enhanced to 
free from attack such fruits as the avocado pear, which at present is 
infested just at the stage at which it becomes fit for harvesting. 

The general effectiveness of parasite control will be increased 
with the discovery and introduction of a suitable egg parasite. 


ARTIFICIAL CONTROL. 


The only method employed at the present time in Hawaii satis- 
factorily to protect fruits from attack of the Mediterranean fruit fly 
is the covering of the fruits while they are still too green to be affected. 
The value of the use of cold storage as a method of rendering fruits 
already harvested free from danger as carriers of the pest has been 
demonstrated, but cold storage, of course, can have no bearing on the 
activities of the fruit fly in the orchard. No satisfactory substance 
has yet been discovered for trapping adult females, and the killing 
of adults of both sexes by poison sprays is not a feasible method of 
control in Hawaii under present cultural conditions any more than is 
the destruction of the immature stages by the burial, submergence, 
burning, or boiling of the infested host fruits. The exceptional con- 
ditions found in Hawaii make impracticable at the present time the 
application of any of these field methods of control, except that of 
covering the young fruit, notwithstanding the fact that the value of 
these control measures when they can be consistently, intelligently, 
and universally applied, has been demonstrated. 


PROTECTIVE COVERINGS. 


The only certain method now known of protecting fruits from attack 
by the Mediterranean fruit fly is to cover them when still quite young 
with some type of covering through which the female will not deposit 
egos. During 1898 Fuller reports that about 22,000 running yards 
of mosquito netting were imported into South Africa for use in 
covering trees to protect the fruit from fruit-fly attack. The cloth 
was sewed into bags sufficiently large to be slipped over the trees and 
tied about the trunk. This method has been employed by the writers 
in protecting ripening peaches. Care must be taken, in Hawaii at 
least, to place the bags over the trees when the fruits are very small 
or early infestations will have already occurred which, after the cover- 
ings have been placed, will produce generations of adults that will 
result in the infestation of the entire crop beneath the covering. 

Coyering the entire tree is too expensive to be followed out on a 
‘large scale, and entirely impractical with large trees or in windy areas. 
Protecting fruits with individual coverings made of cloth or paper is 
more popular in Hawaii. Fruits inclosed in paper bags are well 
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and cheaply protected. Coverings of cheese-cloth are often matted 
against the fruit by rains, thus making it possible for the female fly 
to oviposit in the fruit. The practice of covering mangoes with paper 
bags will afford pr otection to certain scale insects and permit ag to 
develop and ruin the fruit. 

Frequently all the fruits on a tree may be seen inclosed in paper 
bags. While this method of covering each fruit gives protection from 
the fruit fly, it involves much labor and patience and its practicability 
can only be determined by the value placed upon the fruit by the 
owner. So severe is fruit-fly attack in Hawaii that this method, in 
some one of its many modified forms, is the only remedy if fruits are 
to be brought to maturity uninfested. 


CLEAN CULTURE. 


Clean culture in its broadest sense includes not only the detection, 
collection, and destruction of all infested fruits but also the elimination 
of useless or unnecessary host trees or shrubs. In some one or all of 
its phases it has been recommended and practiced in every country 
where theefruit fly is a pest, and in each one of these countries the 
lethargy displayed by a majority of the people, no matter how much 
they have regretted their losses, has rendered the clean cultural 
methods inefficient. The effectiveness of clean culture depends upon 
many factors, of which cooperation among property owners, honesty 
on the part of inspectors, climatic and host relationships, the to- 
pography of the country, and a thorough knowledge of host fruits 
on the part of the director are the most important. Clean culture 
in the Bermudas, where conditions are exceptionally favorable for 
stamping out the pest, was rendered less effective, up to 1914, be- 
cause there was lacking a thorough knowledge of the complete list 
of host fruits subject to infestation. The fruit fly has been stamped 
out at Blenheim, Napiers, and Davenport, New Zealand, and at 
Launceston, Tasmania, by the application of such clean cultural 
methods as the destruction of the fruits and the treatment of the soil 
beneath the trees with kerosene immediately after the discovery of 
the pest. The only other recorded instance of success attained as a 
direct result of clean cultural methods is that of the orange growers 
of the Blackall Range, in Queensland, Australia. These growers held 
a council and voted to grub out every kind of fruit tree except the 
orange, which was their staple crop. As a result of this drastic 
remedy the fly had nothing in which to breed during nine months of 
the year in this section, and therefore ceased to be a pest. 

The clean-culture campaign instituted by the*Hawaiian Board of 
Agriculture during the fall of 1911 and continued by the Federal 
Bureau of Entomology from October, 1912, until April, 1914, was 
unsuccessful from its inception, since it did not protect the fruit 
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~from attack. The main factors contributing to failure were lack 
of adequate police powers, adverse host and climatic conditions, 
and the absence, at that time, of any commercially grown orchard crop 
worth protecting. The impracticability of control by the clean-culture 
method was recognized by Mr. C. L. Marlatt, who, as a Federal rep- 
resentative immediately in charge of the Hawaiian investigations, 
was in personal touch with the problem during September, 1912. It 
was felt, however, that inadequate as this method had proved itself 
after a nine months’ trial from the standpoint of alleviating the 
Hawaiian situation, it seemed still to offer the best-known way of 
safeguarding the interests of mainland fruit growers. Therefore, for 
the purpose of lessening the opportunities of spread to the coast, the 
destruction of fruits which could be carried on board ships was con- 
tinued. It was not until after representatives of California,! Hawaii, 
and the Federal bureau had reached the conclusion that no benefit 
was accruing either to the local or to the mainland interests that the 
campaign was discontinued. 

It is doubtful if ever a clean-culture campaign against the Mediter- 
ranean fruit fly was organized so efficiently or on so large a scale as 
that organized by Mr. W. M. Giffard of the Hawaiian Board, to include 
the city of Honolulu. That this method should prove a failure under 
Hawaiian conditions is no reflection upon the ability of those in charge 
of the work. Inspectors were prohibited from gathering and destroy- 

. ing fruits unless they could first prove to the satisfaction of the prop- 
erty holder that each fruit was infested, and this restriction upon the 
activities of the inspectors naturally led to numerous difficulties, 
particularly with the poorer and uneducated classes who often ex- 
erted every effort to save their fruit. This restriction also prevented 
a systematic gathering of all host fruits within a given area, but 
necessitated many examinations for the removal, on ripening, of the 
fruits of each individual tree. As fruits ripen rapidly in the semi- 
tropics, it proved a physical impossibility to arrange visits by the 
inspectors frequently enough to prevent infested fruits from falling 
to the ground. 

The data of Tables III to V illustrate the immense number of host 
trees and shrubs available for infestation in Honolulu, and the ease 
with which the fruit fly, uncurbed by climatic conditions, may find 
fruit for oviposition during any day of the year. A glance at Plates 
IV, VI, XII, and XIX will convince one of the absurdity of endeav- 
oring to remove all the fruits from many of the huge host trees of 
the islands. The writers know of many winged kamani trees, beneath 
which infested nuts may be gathered each week of the year, so tall 


1 Report of Investigation of the Fruit-fly situation in the Territory of Hawaii, F.Maskew. Monthly Bul. 
Cal. St. Com. Hort., v. 3, 1914, p. 227-238. 
2 W. M. Giffard, Letter of Transmittal to Bulletin No. 3, Haw. Bd. Agr. and For., 1914, p. 7. 
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and brittle that to remove the fruits before they ripen would be im- 
possible. To this example might be added many others in which the 
remoyal of ripening fruit would be equally impracticable. 

That the campaign was successful in eliminating the bulk of the 
fruit ripening in Honolulu during the greater part of the year is evi- 
denced by the inability of the Hawaiian Board to obtain any large 
amount for their experimental work with parasites during the period 
the campaign was in progress. Excepting May, June, and early 
July, it was not an impossibility to gather the bulk of fruits ripening 
in Honolulu, but during these three months tons of ripening mangoes, 
falling continuously, presented a situation that could not be success- 
fully combated. (See Pls. XII and XIII.) While tons of mangoes 
were carried daily to the incinerator or the city dumps, except from 
the standpoint of city sanitation nothing of value was accomplished. 

Notwithstanding the fact that the bulk of the ripening and infested 
fruits were collected and fruit-fly conditions were unquestionably im- 
proved from thestandpoint of the numerical abundance of adult flies, 
the important fact remains that the number of fruit flies that suc- 
ceeded in reaching maturity was sufficiently large to infest practi- 
cally every fruit ripening within the city. Kerosene traps placed 
throughout one of the cleanest sections of the city captured large 
numbers of flies as proved by recorded data on file both with the 
Hawaiian Board and this bureau. . (See Table XXI, p. 76.) 

So far as the writers know, there is no way in which clean culture . 
can be made effective in Hawaii under present conditions. There 
are no impelling incentives. The islands are thoroughly overrun 
with the fruit fly, and this applies quite as much to the guava scrubs 
in pastures (Pl. II), on lava flows, and in mountain valleys and ra- 
vines as within the city limits. By far the larger proportion of host 
trees and shrubs are grown more for protection from the semitropic 
heat and for their ornamental value than for their fruits (Pl. V1). 
Large numbers of the host fruits are not edible. The destruction of 
host vegetation is out of the question until it can be proved that some 
advantage worth while can be gained. To cut down all host trees 
of Honolulu at the present time would be to remove a large percentage 
of her prized vegetation without giving her citizens adequate com- 
pensation. 

ELIMINATION OF HOST TREES. 

It has been stated under a discussion of clean-culture methods 
that the elimination of host trees and shrubs in Hawaii is impracti- 
cable at the present time. Should the Mediterranean fruit fly ever 
become established in California or the Southern States, wherein there 
is no such wealth of host fruits and where climatic conditions would 
assist in control, the elimination of host trees other than the orchard 
cultures to be protected would play a most valuable part in control 
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measures. Dr. Trabut found that in Algeria the infestation of oranges 
greatly increased after the introduction of such crops as peaches and 
persimmons, since these fruits furnished food for the fly during the 
summer and early fall months, which for the fruit fly had been starva- 
tion months previous to the cultivation of these fruits. Aided by 
these introduced summer crops, the fruit fly was able greatly to 
increase, so that when the orange crop began to ripen during the 
fall and winter months, the pest could attack it with increased force. 
The elimination of a comparatively few host trees, numerically speak- 
ing, in Bermuda would mean the elimination of breeding places over 
considerable areas. The destruction of unnecessary and valueless 
host_trees serves to restrict the breeding ground, as well as to destroy 
the sequence of ripening hosts so that many adult flies will die while 
attempting to bridge the ensuing starvation periods, during which 
no host fruits can be found for oviposition. 


SPRAYING. 


It has been demonstrated that the Mediterranean fruit fly must 
feed for about four days after emergence in the warmer months 
before the females are capable of ovipositing in fruits. This feed- 
ing period may be extended to 10 days during winter in littoral 
Hawaii. Although the interval between emergence and oviposition 
is short, it offers the best opportunity to kill this pest by means of 
poisoned baits or sprays. Mally, in South Africa, first appreciated 
the vulnerability of this pomt in the life cycle and developed and 
demonstrated the value of poison sprays as a factor in the control of 
the Mediterranean fruit fly. Berlese, in Italy, however, working 
quite as independently, carried out similar experiments to check the 
olive fly (Dacus oleae). Equal credit is due Mally and Berlese for 
the use of poison sprays in combating fruit flies. 

The results of the experimental work of Mally during 1904-5 and 
of Dewar during 1915 were not successful, although encouraging. 
_ The later work of Mally during 1908-9 proved conclusively the value 
of poison sprays under South African conditions. Mally states that 
“a, severe outbreak of the pest in a commercial peach orchard was 
brought to a sudden and practically complete halt, and the fruit 
maturing later was marked under the guarantee of freedom from 
maggots,” while the infestation among fruits on check trees increased 
until practically all fruits had become infested. These experiments 
lead Mally to state that Ceratitis capitata can be controlled most 
perfectly under orchard conditions by means of alight sprinkling of a 
poisoned sweet over the trees just before or during the ripening 
period of the fruit. In 1912 Lounsbury demonstrated the applica- 
bility of the poison spray under town conditions in South Africa during 
most unfavorable weather conditions, and concluded that if spray- 
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ing is properly done this remedy is applicable under town conditions, 
even where the summer rainfall may be heavy. 

In Western Australia Newman carried on spraying experiments 
during a 5}-months period (December 5, 1913, to May 25, 1914) 
when the fruit fly was most destructive. From the orchard at 
Crawly Park, in which he experimented, little or no sound fruit, 
other than grapes, had been picked for several years. The extreme 
dryness of the Western Australia summer, during which little or no 
rain or dew falls, affords an especially opportune time for making 
the best use of poison sprays. Newman estimated the cost of spray- 
ing an acre, where an application of one pint of spray was made 
every 12 to 14 days, to be from $1.50 to $2 per fortnight, and stated 
that this sum was a mere bagatelle to the loss of fruit during a similar 
period over a lke area. His work convinced Newman that good 
results will follow the consistent application of poison sprays, par- 
ticularly when supplemented by the proper destruction of infested 
fruits. 

In the Hawaiian Islands there are no real orchards in which 
spraying experiments can be conducted under commercial conditions. 
Severin states that while he captured in 10 kerosene traps, hung 
among 400 trees, 10,239 flies during a 5-weeks period before starting 
spraying work, in ie following 5 weeks, during which these trees 
were sprayed about once a week, the same traps caught only 182 


flies, and of these 93 were caught during the first 6 days after the 


first application of spray. Inasmuch as the orchard in question is 
composed of small citrus trees interplanted with peach and con- 
tains a few strawberry-guava, fig, Chinese-orange and rose-apple 
trees, and is surrounded on one side by wild guava scrub, it is unfor- 
tunate that no data were given on the time of the year the spraying 
was done or on the condition of the host fruits in and about so 
small an orchard. 

The conclusions of Weinland following his spraying experiments 
conducted during 1912 in dooryards of Honolulu are misleading. 
He used the data from 7 traps as a basis for his favorable report; 
had he used the data from 10 other traps in the same series of his 
experiments which are on file with the Hawaiian Board of Agri- 
culture and Forestry he could have shown that on the whole his 
experiments were not successful, and that in several instances he 
caught more flies after spraying than before. The writers have 
demonstrated from an immense amount of data on the number of 
flies caught in single traps throughout a given year that even when 
no spraying is dons there may be a sufficient falling off in the num- 


bers of fruit flies captured to mislead one into thinking that the 


trees had been sprayed. 
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The only test of poison sprays made by the writers was in an 
attempt to control the Mediterranean fruit fly under adverse town con- 
ditions such as have been described on page 11. The city block in 
Honolulu bounded by Punahou, Beretania, Wilder, and Makiki 
Streets was sprayed every 2 or 3 days from July 17 to August 28, 
1913. The adjoining blocks to the southeast were held as a check 
and the number of flies captured in 145 traps in the sprayed area 
and in 147 traps in the check area constituted the basis for deter- 
mining the benefits of the poison spray. Knapsack sprayers only 
were used, and while all trees and shrubs received spray, none were 
sprayed more than 9 feet above ground. The average number of 
flies caught daily each week is, recorded in Table XXIX. 


TaBLe XXIX.—Number of Mediterranean fruat flies caught in 145 and 147 traps hung 
in apraed and unsprayed areas, respectively; spraying begun July 17, ended Aug. 28, 
1913 


Average number of Average number of 
flies caught each day flies “caught each day 
during week ending. during week ending. 

Date. Date. 
Sprayed | Unsprayed Sprayed | Unsprayed 
area. area. | area. area. 
Uti, GREER pes as Cae e Pers 1,191 169. 2h Ae y 23N lites st ery 215.8 561.8 
Nivel OMe met eme nose heen sss 881.4 PEGs PACt rn Bae e teaseeoeos etbe 111.1 439 
Jilly MO vse Fes. ekg 936 76954 ||; Sepiyosettee AEE Pes: 102.7 315.5 
NEL R UD A YS 541.2 TTR Se pi mlap erent ewan: iil 219.1 
DOPE ae an Aap ee arenes 472.5 904. Sy Sepiy20betie: 2522-8 ake 76.5 151.8 
DENTE (2) oy st peyll a ge 383. 8 937 Septe2 ie aan sascha Lokisgec 90 141.2 
IANA Geena eee fs 32 Sk 269. 4 762.8 


The data show that the number of flies caught in the sprayed area 
was greatly reduced by the spraying. The reduction in flies was not 
ereat enough, however, to save fruit of any host ripening from becom- 
ing badly infested. Similar experiments conducted during May and 
June, 1914, in an attempt to protect peaches ripening in town door- 
yards were failures. Of several thousand fruits only three reached 
maturity uninfested. 

The composition of the potsoned-bait spray used against the Mediter- 
ranean fruit fly consists of some poison, a sweet substance attractive 
to the adults, and water. Mally in 1909 used the following formula: 
Sugar, 3 pounds; arsenate of lead, 4 ounces; water, 5 gallons. He 
found that from 1 to 14 pints were sufficient for the average 10-year- 
old peach or nectarine tree. Lounsbury in his town demonstration 
work used a spray consisting of 6 pounds brown sugar, 6 ounces 
arsenate of lead paste, and 8 gallons water. Weinland used a spray 
of 34 pounds lead arsenate paste, 10 pounds brown sugar, 5 gallons 
plantation molasses, and 50 gallons water. Severin used the Mally 
formula, but increased the lead arsenate from 3 to 5 ounces. The 
writers used the formula of Weinland. 
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The writers believe that poisoned-bait sprays if carefully applied 
under such commercial conditions as exist in California and Florida 
would prove successful. Their observations indicate that honeybees 
are in no way affected by these sprays. It is doubtful, however, if 
poisoned-bait sprays will ever be practical under present-day cultural 
conditions in Hawaii, where no fruit crop is grown commercially, 
where the majority of host fruits are either inedible or not worth the 
cost of spraying, and where sources of reinfestation from without are 
sogreat. The entire subject of control byspraying with poisoned baits 
_is still open for investigation under varying conditions. 


COLD STORAGE. 


A discussion of the use to which cold-storage temperatures may be 
put as an aid in offsetting the disastrous results of attack by the Med- 
iterranean fruit fly was published by the writers' in 1916. The 
experimental work was undertaken primarily with the hope that it 
would be an aid in solving the discouraging problems of local horti- 
culturists. But whatever its value in this direction, it now appears 
that the results may be of much greater commercial importance in 
definmg the conditions under which cold-storage temperatures will 
kill the fruit fly in stored fruits, thus rendering them free from danger 
as transporters of this pest from one country to another, or even from 
one infested district to another. It seems reasonable to conclude 
that sooner or later the certification of properly refrigerated fruit will 
be practicable. When an association of fruit growers or a community 
awakens to a realization of the financial value of the cold-storage 
treatment there is reason to believe it will result in the operation of 
central refrigeration plants under the supervision of officials whose 
guarantee will insure that all fruits sent out from the plant are abso- 
lutely free from danger as carriers of the Mediterranean fruit fly. 

Experimental work in Australia, as an example, has shown that 
such perishable fruits as peaches and Japanese plums can be placed on 
the European markets in good condition if sent im cold storage, and 
such exports have been encouraged under Government guarantees. 
While cold storage can never lessen the damage already done by 
larve within fruits offered for sale or shipment, and in no way deals 
with the root of the trouble, as a palliative, guarding fruits against 

further attack while in storage or transit, it may become of inesti- 
~ mable value. Fruits, such as apples, that contain freshly-laid eggs 
or very young larve may be placed upon the market, provided 
further fruit-fly development is checked by cold storage. 

For the details of the effect of cold-storage temperatures upon the 
eggs, larve, and pupe of the Mediterranean fruit fly, as well as for 

1 Back, E. A., and Pemberton, C. E., Effect of cold-storage temperatures upon the Mediterranean 
fruit fly. Jour. Agr. Research, v. 5, no. 15, 1916, p. 657-666; Back, E. A., and Pemberton, C. E., Effect 


of cold-storage temperatures upon the pupe of the Mediterranean fruit fly. Jour. Agr. Research, v. 6, 
no. 7, 1916, p. 251-260. 
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historical facts dealing with the use of such temperatures, one should 
consult the two articles to which reference has been made. _ Fruits of 
almost any variety commonly placed in cold storage are held at 
temperatures varying from 32° to 45° F., with preference shown to a 
range of 32° to 36° F._ By way of general summary of many experi- 
ments, including observations upon over 26,000 eggs, 60,000 larve, 
and 173,000 pupz to determine the effect of such temperatures as 32°, 
32° to 33°, 33° to 34°, 34° to 36°, 36°, 36° to 40°, 38° to 40°, and 40° 
to 45°, it may be said that no stage of the Mediterranean fruit fly can 
survive refrigeration for seven weeks at 40° to 45° F.; for three weeks 
at 33° to 40° F., or for two weeks at 32° to 33° F. 


EFFECT OF FREEZING TEMPERATURES UPON THE EGG, LARVA, AND PUPA. 


The only freezing temperatures available in Hawaii for experi- 
mental work with eggs, larve, and pup were those found in cold- 
_storage plants maintaining rooms for the refrigeration of fish and 
meat. The temperature of these rooms ranged between 21° and 30° F. 
though averaging close to 26° F. Out-of-door freezing tempera- 
tures have been experienced by the writers on the Island of Hawaii 
at an elevation of over 8,000 feet, but lasted only for a few hours | 

at a time and occurred on mountain slopes not easily accessible. 


THE EGG. 


Apples in which fruit-fly eggs had been deposited on November 3, 1914, were 
placed in cold storage at a temperature varying from 24° to 30° F. Fruit was re- 
moved daily for 10 consecutive days and observations made on a total of 5,434 eggs 
contained within them. No eggs survived more than 7 days of refrigeration at this 
temperature. Of 507 eggs subjected to 25° F. for one day 414 hatched on removal to 
normal temperature; 275 of 308 eggs subjected to 24° to 25° F. for 2 days hatched 
aiter removal; 588 of 741 eggs hatched on removal after refrigeration for 3 days at 
24° to 26° F.; 430 of 748, 65 of 384, 7 of 534, and 1 of 255 eggs hatched on removal after 
refrigeration at 24° to 30° F. for 4, 5, 6, and 7 days, respectively. Allof606, 624, and 
727 eggs removed to normal temperature after 8, 9, and 9 days of similar refrigeration 
were dead. 

In a second experiment carried out during July, 1918, peaches containing eggs 
were picked promiscuously in the field, and placed in storage at 26° to 30° F. The 
results were similar to those mentioned above, as 42 of 178, 7 of 10, and 20 of 145 eggs 
hatched on removal, after refrigeration for 1, 2, and 6 days, respectively; 57, 148, 82, 
134, and 14 eggs refrigerated for 7, 9, 10, 11, and 12 days were dead on removal from 


storage. 
THE LARVA. 


First-instar larve.—A total of 2,116 first-instar larvee were placed in cold storage at 
21° to 28° F. None survived more than 5 days of refrigeration, and the following 
observations were recorded: 62 of 248 larvee in refrigeration for 5 days were found 
living on examination after removal to normal temperature; 297 of 340 survived one 
day of refrigeration at 22° to 23° F.; 239 of 275 survived two days of refrigeration at 
21° to 23° F.; 110 of 243, and 44 of 240 survived refrigeration at 21° to 28° F. for 3 and 
4 days, respectively; 264, 132,213, and 141 larve refrigerated for6, 7,8, and 9 days, 
respectively, were dead on removal from storage. 
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In a second room, the temperature of which ranged from 26° to 30° F., infested 
peaches were placed, An examination of the contained larve after refrigeration gave 
results similar to those above; 21, 9, 9, and 19 larvee were found dead after 5, 6, 9, and 
12 days of refrigeration, and 336 removed after refrigeration from 13 to 15 days were 
dead. 

Second-instar larve.—A total of 3,216 second-instar larvee were subjected to freezing 
temperatures with the following results: 367 of 377, 77 of 123, and 9 of 195 larvee were 
found living on removal to normal temperatures after refrigeration for 1, 2,and 3 days, 
respectively, at 21° to 29° F. An average of 361 larve removed after refrigeration 
4,5,6,7,8,9,and 10 days weredead. No living larvee were found after the third day 
of refrigeration. 

Third-instar larve.—Of a total of 6,774 third-instar larve in kamani nuts ( Termi- 
nalia catappa) subjected to freezing temperatures ranging between 22° and 27° F. for 
1 to 9 days, 82 of 157 and 4 of 510 larvee were found alive upon removal after refrigera- 
tion at 24° to 27° F. for 1 and 3 days, respectively. Only 3 of 524 were alive on 
removal after 4 days of refrigeration at 22° to 27° F. An average of 1,221 larve 
removed daily between the fifth and ninth days of refrigeration were dead. 

After refrigeration at 26° to 30° F. 114, 7, 1, 12, and 124 larvee in peaches were 
found dead on removal after 5, 6, 9, 12, and 15 days, respectively, of refrigeration. 
Ten badly infested peaches were removed to the laboratory after 3 days of refrigera- 
tion and from two of these there later emerged 1 and 9 full-grown larve which pupated 
normally and ‘produced adults. No adults were reared from 15 peaches removed 
after 14 days of refrigeration. 

Fourteen peaches held in refrigeration 5 days at 26° to 30° F., then successively for 
24 hours each at 33° to 38° F. and 40° to 45° F'., were removed to the laboratory. A 
total of 36 third-instar larve, found within the fruit, were dead. 


THE PUPA. 


A total of 21,450 pupz have been subjected to freezing temperatures varying from 
24° to 32° F. and averaging about 26° F. All pup were fatally injured before the 
end of the fourth day of such refrigeration. Three hundred 3-day-old pups, 100 
2-day-old pupze, and 200 1-day-old pupz on removal to normal temperature after 
3% days of refrigeration at about 26° F. produced 1, 1, and 1 adults, respectively. 
Under similar conditions only 2 of 100 4-day-old pupz and 3 of 200 3-day-old pup 
produced adults after 3 days of refrigeration. Each lot of pup ranging from 1 to 9 
days old and totaling 1,900 individuals yielded from 2 to 22, or a total of 78 adults, 
after 2 days of refrigeration. Even 1 day of refrigeration at 26° F. proved fatal to a 
large percentage of pupee, especially the younger, as evidenced by data in Table 
XXX covering observations on 1,500 pupe. 


TaBLe XXX.—L fect of 26° F. upon pupal life. Pup placed in cold storage Oct. 27, 
1914; removed to normal temperature Oct. 28. 
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During May, 1913, 500, 119, and 331 pups of all ages were placed in cold storage, 
the temperature varying from 22° to 24° F. for 5, 7, and 12 days, respectively. After 
removal to normal temperature all pupze were found to be dead. During July, 1913, 
2,000 pupze of various ages were subjected to a temperature varying from 24° to 30° 
F. and averaging about 26° F. for 3 to 16 days; none yielded adults after removal 
from storage even after only 3 days of refrigeration. On June 24, 1913, 2,500 pups 
removed from storage after one month of refrigeration at about 26° F’. were found dead. 

Pupee held in refrigeration 4 days at 24° to 30° F. were removed to normal tempera- 
ture after being held 2 successive days at 33° to 38° F. and 40° to 45° F., respectively, 


but none yielded adults. 
TRAPS. 


The idea of exposing in infested areas a substance that will attract 
both sexes of the Mediterranean fruit fly is an excellent one, and may 
lead to the discovery of some medium which will prove an effective 
method of control. It was the writers’ idea to simulate, in such a 
substance, the odor emanating from the male C. capitata, but the 
experiments proved unsuccessful. Severin exposed various oils de- 
rived from crude petroleum, but found them ineffective. He also 
used, without satisfactory results, turpentine, coconut oil, citronella, 
whale and fish oils, vinegar, and vanilla. Hooper in Western Austra- 
ha experimented with naphtha and turpentine in 1907 without suc- 
cess, and similar results followed the exposure by Gurney in New 
South Wales of citronella, linseed, salad, whale, neatsfoot, and fish- 
oils. Howlett, in India, was able to attract males of Dacus zonatus 
and D. dwersus by exposing citronella oil. Later he believed that 
he had found the actual substances which are responsible for the 
attraction of these two species in isoeugenol and methyleugenol. 
Three traps containing, in the order mentioned, eugenol, methyl 
eugenol, and isoeugenol hung in orange trees in a bedi infested area 
of Honolulu captured in 6 days only 2,10, and 1 male C. capitata, as 
compared with 77, 153, and 48 males captured in check traps con- 
taining kerosene hung within 50 feet of them. These three substances 
were furnished the writers by Severin, who had received them in turn 
from Howlett. 

Much of the experimental work to which reference has just been 
made represents but a small amount of that undertaken to determine 
the effectiveness of traps. It has grown out of the accidental dis- 
covery in Australia by a housewife that a coating of kerosene oil; put 
about a post for the protection of a glass of preserves from ants, 
was attractive to adult C. capitata. This observation led to the 
heralding, in 1907, of the use of kerosene as a method of control as 
the ‘‘best discovery against the fruit fly in years,” and to regulations 
in Western Australia requiring fruit growers to place from one to 
two traps in each fruit tree. It is natural that entomologists com- 
bating this pest should carry on experiments, but the worthlessness 
of kerosene as a factor of control was not demonstrated until a 
considerable literature upon the subject had been published. 
Kerosene is ineffective, inasmuch as it attracts for the most part only 
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males. Of 2,639 adults, representing four lots examined by the 
writers, only eight were females. Only 36 of 10,239 adults captured 
by Severin were females. Many thousands of adults captured in 
kerosene oil in connection with the present investigations have 
demonstrated the worthlessness of kerosene as a factor in reducing 
the infestation of fruit. 

While the use of kerosene to trap the adults of the Mediterranean 
fruit fly is of no value in checking the ravages of this.pest, the writers 
have made use of the number of males captured in traps to arrive 
at conclusions regarding the relative abundance of adults in any 
given area. The use of the kerosene trap for this purpose when sup- 
plemented by other observations has a value, provided conclusions 
are not attempted from too small a number of catches. The writers 
have data on file covermg the number of flies caught in 292 traps for 
16 consecutive months. As a rule traps hung in dense foliage of any 
sort captured more flies, while traps hung on porches and set upon 
stumps or in other exposed situations from 30 to 80 feet away from 
foliage captured only an occasional male. It would seem that in 
countries where host trees and shrubs are less abundant than in 
Hawaii the number of flies caught could be used as a basis for valuable 
deductions on such subjects as seasonal abundance and migrations of 


adults. 


Description of trap.—The trap used by the writers is a simple affair consisting of an 
ordinary pie tin suspended by three tin strips from a tin cone through the top of which 
extends a wire by which the entire trap may be suspended from a branch. A trap 
can be made cheaply by any tinsmith. If properly painted, traps will last several 
seasons. The pan may be removed as often as desired. In Honolulu the oil was 
replenished every 2 or 3 days. In dry areas no protective covering for the pan 
containing the oil is needed. Oil to cover the bottom of the container to a depth 
of one-fourth of an inch is sufficient. The trap should be so long that no oil will spread 
to the bark of the tree. 


SUBMERGENCE IN WATER. 


Submergence of host fruits as a method of control has been recom- 
mended many times by writers and investigators of fruit flies. 
Harris recommended weighting sacks of infested fruit and sinking 
them at sea. Gurney found that larve in sea water in test tubes 
pupated at the surface against the glass and that a large percentage of 
larve in oranges submerged in cold water for 6, 8, 24, and 45 hours 
survived, pupated, and matured into normally healthy adults, and 
concluded that no casual treatment such as throwing infested fruit 
into a stream can be considered an effective method of destroying 
fruit-fly larve. Severin showed that many well-grown larve found 
floating on the top of a barrel of water, into which infested oranges 
had been thrown 24 hours previous, resumed activity within several 
hours after being placed on moist filter paper, in spite of the fact 


MEDITERRANEAN FRUIT FLY IN HAWAII. is 


that they were distended and apparently dead when removed from 
the water. A small percentage of other larve taken from the water 
after 3 days showed traces of life, but no adults developed from the 
fruit submerged for 4 days. 

With the temperature ranging between 67° and 80° F. the writers 
were able to demonstrate that well-grown larve placed in tightly 
stoppered vials of fresh water died by the end of the third day. Thus 
486 of 490 larve survived submergence 21 hours, 96 of 100 for 24 
hours, and 78 of 100 for 48 hours; two lots of 100 larve each sub- 
merged 70 and 74 hours, respectively, were dead. It was found, 
however, that larve live longer when placed in water in open vials. 
Under such conditions certain individuals may remain suspended 
from the surface film of water much as do mosquito larve and 
pup. This is made possible by the circlet of small hairs about the 
posterior stigmal plates. While larve ordinarily become rigid and 
apparently dead within 2 or 3 hours after submergence in water, 
larve thus suspended were found to remain active for as long as 7 
days in one instance. One larva removed to fresh fruit after sus- 
pension for 5 days pupated 7 days later and emerged as an adult after 
9 days in the pupa stage. 


Taste XXXI.—E fect of submergence of host fruits in water upon the larve of the 
Mediterranean fruit fly. 
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The examination of various host fruits submerged in ordinary tap 
water, when the temperature ranged between 67° and 80° F., gave 
the data recorded in Table XXXI. The data indicate that while 
larvee are little affected after 1 or 2 days of submergence, a large 
percentage are dead after submergence for 3 days. Seventeen second- 
instar larve and 1 third-instar, however, were found living after 
submergence for 4 days. It is safe to conclude that submergence 
for 5 days will either lull all larve or incapacitate them for further 
development. It might be added that fruits held in water for as long 
as 3 to 5 days are, in Hawaii, rendered unfit as food for fruit-fly larvee 
after removal from water. 


TasLe XXXII.—E fect of submergence in tap water upon pupx of the Mediterranean 


Sruit fly. 
Number | Number Date of Number of | Number of | 
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il 84S 882 Soe July 9 
nT pe ea July 7 
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Pup from 1 to 4 days old were submerged in vials of tap water — 
when the temperature ranged from 72° to 85° F. A record of the — 
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emergence from these pupe is given in Table XXXII. The data 
covering lots 1 to 6 show that the more mature pupz succumbed to 
immersion more quickly than the younger pupe of lots 7 to 12. Thus 
many of the young pupe emerged as adults after being submerged 
4, 5, and 6 days, while submergence for these periods killed nearly 
all the older pupe. Submergence for at least 7 days is necessary to 
assure the death of all pupe. 


BURIAL IN SOIL. 


Many entomologists have made statements regarding the efficacy 
of burying infested fruits in the soil as a method of destroying fruit 
flies. These references have been summarized by Severin, hence 
need not be considered at length here, particularly as they deal with 
a method that is decidedly unsatisfactory and seldom effective. 
Gurney found that pupez buried 6, 8, and 12 inches below the surface 
of the soil produced adults that were able to escape. Severin found 
that adults could make their way to the surface from pupe buried 
2,3, and 4 feet beneath dry sand, and from pupe buried 2 feet beneath 
wet sand, but that no adults escaped through 2, 3, or 4 feet of dry 
soil. Mally found that 10 inches of soil shoveled loosely over fruits 
did not prevent adults from escaping later, but that no adults could 
reach the surface through 10 inches of well-tamped soil. No adults 
escaped from 20 pupee placed in the center of a cake of mud one-half 
inch square taken from the heavy, tenacious soil of the vegetable 
gardens at Waikiki. The mud became thoroughly dry without 
cracks before the end of the normal pupa stage. A cake of the same 
soil 14 inches square, however, on drying developed a crack through 
which 50 adults made their escape from 75 pupz buried within the 
center of the square. While adults can not make their way through 
a foot of well-tamped soil, it is difficult to bury host fruits in such a 
manner that the soil covering will remain firm. The rapid decay and 
settling of fruit, if any amount be buried in the same excavation, 
cause cracks to develop through which adults can escape readily. 
While many fruit flies can be killed by proper burial, indifference and 
carelessness among workmen will always make possible the escape 


of many adults. 
. BURNING AND BOILING HOST FRUITS. 


Burning or boiling host fruits is a sure method of destroying the 
immature stages of the Mediterranean fruit fly provided the work 
is feasible and can be done thoroughly. The usual practice of throw- 
ing fallen infested fruits into a compost pit and burning over them 
every few days such trash as may have accumulated is not a trust- 
worthy method of destruction, inasmuch as the heat produced is 
very often insufficient to cook or burn the fruit thoroughly or to reach 
the pupz in the soil beneath the fruit. 
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The Mediterranean fruit fly (Ceratitis camtata) was discovered at 
Honolulu in the Hawaiian Islands in 1910. Since that time it has 
spread to all the islands of the Hawaiian group, and because of the 
equable climate and abundance of host fruits, has effected a serious 
and permanent check to horticultural pursuits, and put an end to all 
export trade in fruits except that in bananas and pineapples. 

Research seems to have fixed the native home of C. capitata in 
tropical Africa. Its spread has been slow but persistent throughout 
tropical and semitropical countries, until at the present time it is 
known to have become a pest in every continental area except that 
of North America. With the Mediterranean fruit fly now well 
established in Bermuda and the Hawaiian Islands, it would seem that 
it is only a matter of time before it will be madvertently introduced 
and become established in California and the Southern States. The 
frequent interception and destruction of infested fruits from Hawaii 
at California ports, by officers of the Federal Horticultural Board, 
indicates the ease with which the mtroduction of the Mediterranean 
fruit fly might occur were Hawaiian fruit permitted unrestricted 
entry to the mainland of the United States. 

No edible fruit in Hawaii, except the pineapple, escapes attack. 
The banana, when in good condition, is never infested, infestation 
having been noted only when the fruits were overripe or injured. 
The Mediterranean fruit fly has been reared m Honolulu from 72 
species of host fruits, including the peach, plum, pear, guava, mango, 
orange, lemon, grapefruit, banana, etc. A large proportion of the 
host fruits are inedible. Throughout the littoral regions a continu- 
ous cycle of host fruits is available for infestation throughout the 
year; hence there are no starvation periods for the fly to survive. 

With such a quantity and variety of host fruits, nuts, and vege- 
tables in which to propagate, and enjoyimg an ideal climate, the 
mean temperatures of which vary between 68° and 79° F. for the 
regions in which the fly is a most serious pest, the Mediterranean 
fruit fly finds no check to its rapid increase. While a single genera- 
tion may require as few as 17 days during the warmest weather, 
there are usually 15 to 16 generations a year at Honolulu, and 10 to 
12 generations in areas where the winter mean drops to 68° F. There 
is considerable variation in the length of the immature stages, par- 
ticularly during the coolest weather. Inasmuch as adults have been 
kept alive for 10 months and may deposit eggs in lots of a few to 32 
daily quite regularly throughout life, the generations become hope- 
lessly confused. While adults are not forced in Hawaii to pass 
through periods of several months when food is not available for 
oviposition, females deprived of host fruits for such periods will 
resume active and normal oviposition when the fruits become ayail- 
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able. One female deposited 622 eggs between June 4 and September 
2. The long adult life, and the ability of the female to deposit eggs 
regularly succeeding the period of from 4 to 8 days after emergence 
which is required to complete sexual maturity, make it possible for 
the annual progeny of a single pair of adults to reach enormous 
numbers. 

Attempts at control by clean culture have been failures, owing 
largely to insurmountable obstacles placed in the way of man by a 
favorable climate and an unprecedented quantity of varied host 
fruits. Many fruits and nuts subject to attack grow on huge trees 
which blossom irregularly, and produce, in many instances, fruit 
susceptible to attack throughout the year. There is no procedure 
by which clean culture may be made effective under the present 
Hawaiian cultural methods. The islands are thoroughly overrun 
with the fruit fly, and this applies quite as much to the wild guava 
scrub in pastures, on lava flows, and in mountain valleys and ravines, 
as it does within the city limits. By far the larger number of host 
trees and shrubs ate grown more for the protection they offer from the 
semitropical sun and for their ornamental value than for their 
inedible fruits. The destruction of host vegetation will not be 
practicabie until it can be demonstrated that a distinct advantage 
would be gained thereby. To destroy all host trees of Honolulu at 
the present time would be to remove a large percentage of her prized 
vegetation without any compensating returns. 

The ideal climatic and host conditions of Hawaii have rendered 
less effective and impracticable the usual artificial methods of con- 
trol the value of which has been demonstrated in other countries pos- 
sessing natural features less favorable to fruit-fly increase. At the 
present time the only hope of relief lies in the establishment of para- 
sites. Six parasites have been introduced during the past. three 
years and are now well established. While they have more than 
repaid the Territory of Hawaii for the cost of their introduction by 
bringing about an improved condition in the coffee-growing industry, 
it is doubtful whether they will effect a sufficient decrease in the 
proportion of infested host fruits to be considered efficient factors 
in control. This conclusion appears inevitabie in spite of the remark- 
able success attendant on their introduction, unless a campaign is 
inaugurated for a reapportionment of host fruits; otherwise the hordes 
of adult flies maturing in thick-meated fruits, or in fruits protecting 
larve by other means from attack by parasites, will neutralize the 
effective work of parasites attacking larve in thin-skinned and thin- 
pulped fruits. There is great need of an effective egg parasite that 
will kill the fruit fly before the larva can do injury. 

From a practical or commercial standpoint the results of the inves- 
tigations reported herewith are of value (1) in furnishing data to 
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determine the probable range of this pest should it be introduced and 
gain a foothold in continental United States; (2) in verifying the 
practicability of poison sprays; (3) in indicating the utilization of 
cold-storage temperatures in making safe the movement of fruits 
from areas which might otherwise be cut off by quarantines from 
outside markets; and (4) in placing upon a sound basis the banana 
and pineapple export trade of the Hawaiian Islands. 

At 50° F. little if any development takes place, and freezing tem- 
peratures can be withstood successfully only for short periods. <Ac- 
cumulated data indicate that the Mediterranean fruit fly will not 
become a serious pest in climates where the mean temperature is 
below 50° F.\during periods covering three months of the year. 

While Hawaiian conditions are unfavorable to the use of poison 
sprays, the work of the writers has convinced them that these sprays 
can be employed as successfully in combating this pest in commercial 
orchards of California and of Southern States, should they ever 
become infested, as in Africa and Australia. 

While at present cold storage is not utilized to modify existing 
quarantine, it is a recognized fact that, commercially used, it has 
been of value in safeguarding fruits from additional infestation while 
en route over long distances. The data set forth herewith indicate 
for the first time the duration of time required for various tempera- 
ture ranges to kill the stages of the fruit fly within stored fruits, and 
from these records it is reasonable to conclude that the certification 
of properly refrigerated fruit is practicable. When an association of 
fruit growers or the people discover that refrigeration is financially 
worth while, there is reason to believe that it will result in the opera- 
tion of central refrigeration plants under the supervision of officers 
whose guarantee will insure that all fruits sent out from the plant are 
absolutely free from danger as carriers of the Mediterranean fruit fly. 
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This bulletin should be considered as a supplement to United 
States Department of Agriculture Bulletin 370, which gives the 
results of the more common physical tests of some 3,650 road- 
building rock examined by the Office of Public Roads and Rural 
Engineering to January 1, 1916. The office tested 396 samples of 
rock in 1916, the results of which tests are given in Table I, the rocks 
being classified according to their location. It should be noted that 
in a number of cases, in addition to other tests, the crushing strength 
of the rock also is given. This test is not made ordinarily when ex- 
amining rock to determine its suitability for use in various types 
of broken-stone roads. The test is employed often, however, when 
considering a rock for use in the manufacture of paving block, and 
as many requests for records of the crushing strength of various 
rocks have been received in the past year, it has been thought advis- 
able to give in Table II a complete record of all of the crushing- 
strength tests made by the office up to January 1, 1917. Following 
is a brief description of this test, as made by the office. 


CRUSHING STRENGTH OR COMPRESSION TEST. 


The compression test is made upon a cylindrical test specimen 
2 inches in diameter and 2 inches high. Both ends of the specimen, 
which have been sawed at right angles to the axis of the cylinder, 


81335°—B ull. 537—17——1 


Jy t 


er 
2 BULLETIN 537, U. S. DEPARTMENT OF AGRICULTURE. 


and properly faced, are bedded in plaster of Paris. The cylinder 
then is crushed in a 200,000-pound universal testing machine. A 
small 2-inch spherical bearing block is placed between the moving - 
head of the machine and the upper surface of the specimen. The 
average of at least two determinations is reported as the crushing 
strength, calculated in pounds per square inch. Crushing strength 
tests are made upon samples of road-building rock only when especi- 
ally requested. Of a total of 282 compression tests made up to 
January 1, 1917, Table II shows that 97 were made on granites, 
13 on gneisses, 78 on limestones, 42 on dolomites, 28 on sandstones, 

and 24 on various other types of material. 
The percentage variation in the strength of the 110 granites and 
gneisses and the 120 limestones and dolomites is shown graphically 
in figure 1. In this 


chart the per cent of 
a total samples tested 
3 having various values 
t for crushing strength 
BS are plotted as indi- 
F cated. For instance, 
& the chart shows that 
‘s 10 per cent of. all 
a granites and gneisses 
O 

v tested show a crush- 
£ ing strength of 20,000 


pounds per square 
inch. Likewise, by 
summing up all the 
per cents to the left 
of the 20,000-pound 
line we find that 48 per cent of all samples of granite and gneiss tested 
have a crushing strength of less than 20,000 pounds per square inch, 
which shows that ah average crushing strength of this type of 
material lies between 19,000 a 20,000 pounds per square inch. 
Likewise, the average crushing strength of the limestones and dolo- 
mites lies between 18,000 and 19,000 pounds per square inch. 


CRUSHING STRENGTH -LBS PER SQ. IN. 


Fic. 1.—Variations in the crushing strength of rock. 


INTERPRETATION OF RESULTS OF PHYSICAL TESTS. 


A discussion of the interpretation of the results of physical tests 
was given in Bulletin 370, to which reference has been made. Since 
the publication of that bulletin, however, a table of general limiting 
test values for broken stone for various types of road construction 
has been adopted by the office and printed on the back of its form 
for reporting tests. For general reference these limiting values, 
together with comments upon limits shown, are given in Table IV. 


TESTS OF ROAD-BUILDING ROCK IN 1916. 
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TESTS OF ROAD-BUILDING ROCK IN 1916. 
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Taste II.—Results of compression tests of rock complete to January 1, 1917. 


ARKANSAS. 
Crushing 
pana 
i f : ounds 
cere Locality. County. . Name. a per 
square 
inch. 
Dees Mbamiares cca ee Wee La ec) Johnson. 232252222 2 Feldspathic sandstone........- 21, 980 
6331 | Bald Knob..........-.....-.-.-- Winite sso oeeerne i Sandstone.........--.-.-2..-.- 19, 860 
CONNECTICUT 
bane wee : 

GOI ROMECO ss sence esc aee waaay S Windham.|___.--. JSWOVAGKS) fenznOU Ks) 5 we 16, 635 
11098 |..... LORE RRM NE HN OAN IMs Ut Te dos Ee Yd OU MN ET) MIEN a, 23, 290 
P1099) 2s CLOSE Pa tealerssia stores saa eetalie hale do: aaa G@ncissoid STaTMbe eee eae ee 20, 200 

GEORGIA 
10381 | Southeast side Kennesaw Moun- 
HEHE ADE a a ae es STN a a Cobb esas055 UE ost Feldspathic gneiss.......-...-. 18, 500 
10382 | Marietta, 4 miles southwest of.-.|...-- Olsens os Birotite gmeiss-)\-5. 5252-22-22 = 14, 000 
10389 | Austell, 3 imal VERIbs Ho accbaeueedleeaee CG Koyo oa TAS Grae VTC SS sae eee 12,890 
10393 | Blackwell Station, 1 milenorthof)....- doze eeeeer eee | eLormblendejeneissi see eee nee 17, 350 
ILLINOIS 

4422 | Embarras.............-.-.-.--+.| ; ILE STOWE). occ goseceonatoanac 17,300 

08) || MUO alee Se aeeaaaaes eae seeuae Dolomite tessa eyes eee yee 23, 060 

6053 |.-.-- OR eens SNS uate sls Sowinte Abyss 20 Ol. vamerenatania Mae As dO seas Snasaea yay se MSE 16, 880 

yf |) JEDI ICS SoS boaganaabadeancnsecee Argillaceous dolomite ......... 15,730 

A660) | Munnel ys e ee! Ali SLOM eC eee eee ese eee 19,150 

7509 | Reevesville...-.....- d i i 25, 780 

7510 |... .- CORES Neer bt 28, 400 

4764 | Kankakee.......-..... 20, 610 

5550 |.---- ORE Na sa Gaeta ae EAN craves stl) Seva do 17,710 

6088 |..... CLO eed as ah AEN aa 2 RU Argillaceous dolomite......... 20, 830 

6165) 5-25. GLOBE AREA AN a Nu 2h Re eo A 252 Seen eet ED) OLO TTL GE ey eres py eres ae nan 11, 660 

6865 |....- CLP oe NW oats Fale ed A ali fens e pO Massccssceseécliodaes Ow es BAUR a a ean 13, 500 

7298) |e es LOWE ant te raiean wea Rey a ry Argillaceous dolomite. ......-. 25, 850 

7299 |..-2. COSeee ewe UR Ne SUL dO. 2: aE SMI eh GOs o8 eNO ae UN 20; 000 

7300 |-..-- LORE Sees ta au a Dae sh Os Vaan ot oon s Na oe er BL es a ors Sayan th 19, 800 
BOL eae OO aS aaa USED Ur pee Mmmm Copan, i UA NEE Loe a NURS Le 19, 700 

7302 |.---- ORY CNS SOR RR Sei tineee te Dt 1D olor terme ene see eee 17,050 

orden leet eh oa sates NE Pa boas G02. ee rae Argillaceous dolomite Ae Be te 16,700 
OS Gig lphCamlica eeu set hs laine rena Ee Atl Uy ie 0.2: Dolomite sey ae Me eee 11,180 

CGA." UNIMON AY ie A cle ale Se yay Madison22e2e222 3 IEAIMESCONC siete eee ene 1b, 100 

Ha22 eBrookwille seh. 25 ee hs Oplels. 2 GNE uy che Argillaceous dolomite _...-- my 18, 640 

7423 |..--- LO SEM eye UU ita t sat CP Me KORE E NS Bee sells ae LO ee nae ie WAR A el 18, 180 

CSO AG) i Seo aN a SRC et abc eae (Waa one: 2 eee eee MAIMES TOME Pe Hate iy a een 19, 510 

OS 2m OMeb orotate ae YAW GR ose sc 8 sbe.|] Idolos esa bea ee ee 8,130 

! 
INDIANA 

5534 | Logansport..............-.-.-.-- Cass... = Ane ae ILMENES WOE soe op ecaseedebeenes 20, 350 

AGO) GTCCMSI UTS ys sees eu ges s eee Decatur yess ee Dolontitessssasee se eee eee 17, 960 

ANGI IL (Sieg dete OU SS eS Ae a ee ata en lg a do... eeeeeeee Himestones == 25220220 18, 400 

4659 |....- Oa EST ain a Ce eec oso deke Dolomitic limestone. . Ne 20, 510 

AGODA MNWESUDOT a eke eet EN. Ce eis Cl eeee one oo eeeleonee doses DON ianee ean aa 20,000 

DOSS ota alle seoes ee a hae 3 GO). Senet cee NGITITES TOME Hs epam ern eee ee a ener 19,800 
11183 | Huntington ..-| Huntington......- DOLOMITE Ae Rea eae mea 25, 420 

ALOT Matehelies sh ese ane Lawrence. ..-._._- Argillaceous dolomite. .-.....- 12, 250 

DOMME ECTOnds tase ea eR GNC AN Eee 3 Closer oe Ledioseee WUMeESTOMe Hamu as aaa ape ae 6, 900 

UPB) cee OKO) Ser eat ances Seema Tay LS Nm COPS toe see auuel| oor e (0 (oe eter te ane ay a 6, 450 

Bitte) || (Cavs) oA eee eee eceb eno ite rns ee aves Oma eae e Ne Tada aie ost 16, 000 

TextHll RO SEOO CAs: eee yA Se aya RUN IRpley, 2 speeeey ee ea Saale (6 Ko) aE ee ae eae te aE 14; 470 

AGT Alm Wicbashies tas Skene vis Ue a Wabash / 2225222. - Dolomitic limestone.-......... 18, 790 
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IOWA. 
Crushin, 
: strength, 
ate Locality. . County. Name. pu 
square 
ine 
5525 | Cedar Rapids): <sicdstte obese 3 Linn 5. 2hisisets eer Dolomitic limestone.........-- 19, 950 
0026 | Ta Grandoe. 125 eise eee Marshall: 25: /2-les\seeer Ow 222 )- oinieint oes oe ep Ue EEE 14, 850 
KANSAS. 
9599 | Fort Scott (7 miles west)-..--..-- ‘Bourvonseee een. Limestone breccia .....-...-.- 7, 380 
KENTUCKY. 
SOD aa WETICE LON Aen ee ara. eee mee ae Caldwelle=e eee. Dolomitic limestone..........- 23, 860 
fOse)| Cedar Bluitabe. es eee: eee alee es dosh a Jee Argillaceous limestone..-.....- 25, 720 
5921). Limestone: -o. -aicceee see see eee @artersi2seesu oceans LimeStone=: 232 52 eereeee 14) 900 
5922), Cartersii.-/. 222 sees occ elem eee dO: ee stigeere Siliceous limestone..-.......-- 13, 400 
MAINE 
10219) |) North Jay--2. <b. <2 -.222 mh icicter ranking es s2c-ce Granite ./oo 20 a seemecemeeas 21, 260 
(ASB OS Wales Aslandlo. eee veneoeccee Han cockeeseeeeeer Biotitelsranites sso eraser eee 18, 400 
9997 | Somes Sound, Mount Desert |.-... 0 Co yen SS Granites oo sc Pclsn eae eae see 19, 780 
Islands. 
NOZ33) ee oe OL sas Se doe ene a anlecseeeetescleeece GO: Sah: seaatnelsesee C0 (0 a em eee eS Si srs 19, 220 
10234 |....- GOs eo Sas ees eepeeee beac na meeee (0 Koya Roe sare co (ope eR eae pth SEAN Med 24, 700 
10988 pip. arbor abode oonseeesieeesalecsee GOs eect acne culoyesedOs.e. ey iees aces 28, 650 
TUS UE ae 6 Co ee eee eee se eral eect GO: es eseecs. |oaeee GOs hr oe SARE Teas 26, 500 
(0310s a scnemtascgih cep baend Ser Soe 6 (Re a ease eee (0 (oP e o  ae ALE 2 32, 450 
8745)) VinallHaven oe ol eesete sees Knox Hees. ohecleenes GO Scio s- oe SE ace EOE 20, 020 
8768) StiGeorges. 24520 cb heeeeeh coals. ce (oe: ey rec (6 (oa Se Ae ccee te 22, 800 
$769) |eVinal Feavyen:) fesse eee eaters Goreeaees cose |e G02. 8 GaSe eee 20, 920 
O78) St: Georeesdss. se skeeetemdee seal ena dO usescek. 22. alee es GO .0 22 bE ee ts ober aoe 18, 780 
9865 |...-- Cc (see eer EE AAO ae tesa do: esses te GO se A Ge ae ees cee 17,150 
9996)|-Long Cove. 2). -jsch seek ee aeelceese GOSS water laeeae GOA et is Se eee eee 17,540 
9445) )\ Vinal Haven 22222 o2eseenen seele| besos dozer sh 352 Biotite eranites oe ses ssesese eee 21, 220 
10249), Long Cove... 2. os ocjb ees Sacer boo leses QO: eee oe eee (5 (0) ae meen VER Cs) =f 22, 500 
10250 See GOs. oa 8 ss oe eee Granites. te sea oe eee 22,330 
10366) (St. George: 2: soc et ae Oe ON LO a alert ya ee aside |e GO: et Se eee eo 27,050 
10019 | Vinal Haven Ee Biotite eranite 22 oe eeeeee 21,650 
7439)| Brankford) yas ses eee Boo ENV SLIGO Se cee eee eee GO eid tenes Site eee 20, 600 
. MARYLAND. 
5611 | Mount Savage Junction......... Allegany.......-. Siliceous limestone...........- 34, 930 
ARSA> Mrederick sts *22/3f eects tee eee Erederickoso:: J2=- Limestone: 2.5).4.dsscesenesee 17, 580 
5694 | Havre de Grace............-...- Mar fordeeeto. cece Gneissoid granite............-- 34) 410 
5695 |..... (6 (a ee ey ey is on pen Dea 5 SEINE hh CGO eercetas Sore Sericite/eneiss. kee seer eee 20,090 
5696 |....- COA ho Se ee ee ai eke Goze secs Gneissoid granite.............- 21,670 
D697. |-- dee MOF natuotscucs Mees ane ae 6 (0), SEE ‘Amphibolite.. ssceeponcsnsecce 34, 380 
5698 |...-- (6 (per ems Sey yo: . Aes Ne eal lene Go) saps cel to Gneissoid granite............-- 35, 210 
5699 |..... BO ne Shoe nse Sate te Alea dO: Jeetosse se. !| Sa GO! sb pies caayonc aie eee 22,190 
MASSACHUSETTS 
8 a OD LISS ee oars cin ate, =1- ao clo el 2) 2 Berkshire......... Granite. 2 ioue causes Spee 18, 260 
GROVE LOCK POL ooioc oie oe pana tepbe = 2.0) SSOX-. ep tiic cnn. Biotite granite... 6.2). .cen---- 22,370 
6892 |..... Gest ko: tice nse e ee gee as doe dep wee alae GD). «5.2 5c. peach ees ee 23,610 
6893 |..... DOSS sao saen Seno eee ecees| eee (a oS Eo a 6 (+) I, a Sy Lt! 22,670 
6894 |..... Ge Siete ene a eeeacleeer: loses: CO pegmeet case lene Cc (: ee Pte cee | 21, 600 
8796 |..... Oo ccts wnat coe none el eee Fo CoN 3 8 ea al Piel | dO). . .\. 2c oer 23, 830 
0649"! Gloucesteress ccs. ceoeel ss. ee aces do se oie ss Granite: 19, 580 
9650 |..... CO we bis sce sachs Sse dens [acme Ota ee se aoe | eee 0}... eee 18,130 
9651 | Roe 7 ah De ies, ee tes ee cele Hovteeeera anes (see dé Bie oc cee Cae Eee 22,390 
Mi SenN ce POD is tie oct be iste ete cael | teeta dose... |... OM... | 5a 18, 780 
5671 Westfield Slee epics Sas eee ones Re Hampden......... itored diabasez ich isdeeeeeeee 32, 850 
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Tasie II.—Results of compression tests of rock complete to Jan. 1, 1917—Continued. 
MASSACHUSETTS—Continued. 


Crushing 
eee, 

Serial A ounds 

No. Locality. County. Name. Pp ae 
square 
inch 
SSG2MMNVESHIOLG 22862250 ose Sa Middlesex...._..-.- Granite 22 ss elie ae See 2 13, 980 
SRA eee LOR IN PSE SARL NOE eT yi. Go'> / i PORES ees LOR TEU Nha ae DSI 17,000 
8875 |...-. Cla Gre atts she seater ee endl egerea al Repeat do}: : Re ee! CO eS Ten aes tie: Os 16, 250 
5988 | West Auburn.........-.--.--.-- NVOTCeStCL aes Micajeneisseess essa seeeeea ee 21, 950 
MICHIGAN. 
HOSSalwMonroeis se se - oes = he See Monroesseereseeee Argillaceous dolomite......... 11, 750 
CO) BY |)’ (CEA Vert Ne ie esa Presque Isle:+.....| Limestone...........2..22.2.2 10,300 
MINNESOTA. 
A AmRGCOCKLOM Sate seis ue ste NS Winona: saeeeeee Argillaceous dolomite......... 16,000 
MISSOURI. 

Gaiam wEvochelontsn meen apie ieee ssa g hs). 13, 900 
10169 | West Line te! 16, 690 
GS MO WeCNOy soc Sees owe. 14, 900 
(BESTE |) ED) Sah Se aD rea i A ii lial Chntons = Areeeeeee Plagioclase gneiss..5........-. 18, 500 
(GAU5IS) || (CD) cis he Salsa aaa A ee oN: ee dO: 2 eee Pyroxene gneiss............... 20, 500 
GEXOMUTL SH) aes A I ea eye og Diutchesssaseeeeees ID oy kavaat hirer Mae | 34, 450 
AAMC AMC Oeste wee ee Lei el meee ee CO ppcoccscoses|osos= Gos eee swan w eek a ee 29,050 
eye) |) /Nikaroyar bball das eee eee eon Oe Pirie: 2... aes Cherty limestone:_.._ 75252. 16, 700 
8577 | Gloversville.............-...-.-- Hulton=eeeeeeee IBIObILe PMeISSe eee eee 14,585 
4157 | Alexandria Bay-...-......2.-.-- Veiersoneeeee eee GEEATTEG Se RUA eg 21, 600 
8833 |....- LO ERS SALOME CEC Ay Gn dO = 2 Rad LOU Oe NEE 26, 180 
8902 HE CLO Meetups. At RCTs EON Cat ballin ts CO pgs siccGocbelocos CLO Sys ee Ura eee 14, 150 
9129) ee Cele SO Sdle SADE ID Meee aes Peebles CWespecoccpees|eseea COPA NUS Eee aE 14,390 
VIED ja see ClO) .sdndaboaesosssesaeeeeeaee peaee dos: pereeeeee Gneissoid granite.............. 17, 600 
EBON none CD) Jr gousesasoEsauesneH aes mee lau CO Gepciccevsse Granites ew lek eine yes ae 27, 200 
10236 |_...- Ch ee Ne ae LE ee me doe. See Biotite granite..../........... 28, 130 
OLIN PAULO Teh eee NE oe ESE 3 Orleans Seaeeeeee San dstonessae ese een eee 29, 000 
SORE? || (CO) eae eee ea Se a Rockland...-..... Gabbroitic diabase............ 31,300 
SSXOULBS. |b ODS fe aM A a Gos eee Siliceous dolomite........._.. 22, 200 
HOTGE WEopkamtone wake ee eee St. Lawrence......| Samdstone.............2.._..2. 35, 240 
MTS 2h Callicoome ss se Oe te Sullivans eeeeeeee Feldspathic sandstone......_. 22, 620 
LUTE || ANS ae ee a eae eeMaee d 26, 300 
11199 | Yorktown 16, 200 
CRE | Nid ooo Cau ee be aoeeeeEeaenbee Cheshire: esas ee- Granites ue ae eee eau Si) es 15, 615 
GR GE MAL OM ars Nyaa sae a Ue do: : SRE S| TEMES GO NES EN 15, 250 
O95 alee Zwalbiama Uses eee Ue hee ee GO! 23 RS Wai opsrsee Coote A Se eee Neen Ee 10, 830 
OBA |) CO) ES TOD TOE Sa Seg do: Ea ORI ar Sh ae el a 26, 100 
8872.) Melford... 2222-2222. yin (EnilISbOrOssseeee ses Serer COE NSE NC Ceres 2 ai 15, 050 
SOLON oe. LORIE eal ap Tas ace ay SAN EA a Rd do. eee se Biotite granites. 662.0). 16, 640 
9011 |..... CGS eS NI RT a NN GO. ARN a GOEDEL TIN 14, 870 
GOLAN Cees CG Ka ae tec a ld eo a Nt ae a Oi) See ere Oa) erase ith shea a pe I 18, 230 
COST Conconde et Ce aes Merrimack........ Granite cs ses eae sae aL ane Ne 16, 600 
9036 |..... OME ie CMs sem. Eas MNT GO: seme” Seis Noe a a Aare A 13, 420 
9037 |....- LOBE Nahe OE Geren sR ORE 2) do. ee ae GON ES ee eee nae 13, 900 
8870 |...-- CLO Sos eal id aT NS SER Ss ST as >) Go: .;) See a ee CONGR UM BE er heen ice. eu alae 15, 100 
9994 PAT IOTAUO WIL 2, Se cicero ise eels GO: Sees a Lae (6 (oS AUS ANA ONG NTS Sk 18,110 


1 Hxact locailty not known. 
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TasLe II.—Results of compression tests of rock complete to Jan. 1, 1917—Continued: 


NORTH CAROLINA. 


Crushing 
. strength, 

uel Locality. County. Name. ay 

square 

inch 
SB0B NC) iso foes Baan eee cet ene Forsythe.........- Granite: i! jo. ssa wotepeee pc aee 13, 140 
BSG 7 AE) LR ON REI igen ee en gna Gomer se Fe Hypersthene gabbro.........- 11, 880 
8682 | Spencer Mountain............... Gastonia jas see Feldspathic quartzite......... 31, 520 
88st] (Gastoniass. o1e 85... teense EE co (oyna Ss Quartzite [22 Aaa peers ae 17, 100 
8576;|Monresvalle. 2.20 3) eo ae ee Tredell aes nee Biotite pramite 522222222222: 26, 00C 
DOTS OQ) Se ace er See Sena McDowell........- Sandstone: 2322. Ss saee esse 22, 600 
OOZSil Py WaISOT Se i Ee ee Nee iWilson'she.. --cupne Granttev ssc. Se Gee ee 16,070 
5956) Siaceye sake. Su kw ey Rockingham . .| Granite gneiss... 23, 220 
BAGGY SAUSDUTY. aban cea ce Sere een Rowan........- -| Granite . 33, 750 
9892 | Granite Quarry _-22¢ 222-222 Sei |22. 2 do: eee GOS ase net oe cere eeeeter 21, 130 
10306 ; Granite Quarry (near)..........|-.--- Gorn sats Sead esas (0 Vo Reeser eerie, Ger nae Bt Fe 34, 860 
TU OH eee a SREB SE nen nah oe noel a Seis dose seems aes GCOS s os seep etna e eae 20, 930 
TEER Ih 6 aa a Ee PAS iS aE Se CoN a PN do. 5 12 Wt Saas ae aoa 23, 580 
AO 770) y(t Se ae ye sferike en Mine NAS Oe GOs ee Fa Pee ae Loess as Seah See elise eka 17, 800 
T1200) CEs eee eee Ooi pe ee ey donee een Eacee GOH e eee aa ae 26, 400 
GOs) MBOShICHe Sei oo: sete: See Rutherford........ Biotite gneiss. ~ ---2 22.2222 22. 16, 100 
BROTH MONT Ady Scenes sea be nee SULLY nen eee Granites eee Seek eae ine 18, 400 
TES bose (Oe eet Pee SO a ees Mn. e oe Choe ee etoeeselecese Ost sosep sd ASeeetcomene see 15, 200 
8901 |-..--- OL: SPIO SSS eae ee ae el eo Gol sceease Phe oleae (6c RAR rc os 5,100 
9048 |..-.- (6 (SAE ee Pees caine Sees | ees doe ee H0 OSS oee one eb Ss. Seae oe 16, 440 
$419) Granita (Hear) osc ccce ose eeeaee Wale Sees oe “Biotite STAMIGCs Ha ee eee tere 14,160 
BROZL | FWHSOs) fe ae cen enone eee ige Wrarreniecse an wise | eR amor, mea al ANS 18, 240 
BSNsileeee Osean ahs San he a ere ee a 6 (ost Eee TOKENS come Seis Sh 18, 560 
BS 74d Descoeetas EUV Ronn Oe oe ean O WANCOY eee sees Guarini Pree ERAN AE pata! Seal ACR UE 12, 900 
OHIO. 
AEGAN OSHORNG nhs tag ee eee eee Clarke.........-.--| Dolomiticlimestone........... 8,690 
AGOhul Sprinetiold) ce! s.~ woose se eee | ae Ge ae See One Dolomite: ) Saipan eee 18, 960 
Q282 ’Clovelan dens 2 sere 0 eles Cuyahoga.....-.-- Granite), ai eee see nets 31,790 
ps3) Bee Oem OR Sane Mah eSBeSA Asal Mbpmce OO ope bees lonico Oe eee a Tame ia eee Me 27,900 
9284 |..... DOs steep sackets | sees BG) seo os Bae oldeco.: CG Ko SR aes orn Bit ate lh 1 24, 790 
9285 |... (ce canna 6 ey aisle SE LI ite oe aa mp Sei Ci Ne Pee ha Bal Ls 26, 990 
9459 |....- GO Re eens ons cee eee | omen Ose ee nee eee Cho Eanes anes yeale sae 24, 900 
4378 ee eye Bis woe eee sete De eee 5 ee eee Wimestone see see see ere ae 19, 400 
ral Abe oles Sof aes tapecoe coda) aces bonoe COR ee sneer eee CORSE abr ae Matis AeNieaaiyts 21,850 
5753 Castalia aE oe antares POeeEeE Eee lemeat doen a aya Ae Dolomiticlimestone........... 18, 530 
6055 |.---- Oe Wo Each are a ema Seiya Monee pO ko y= a ee eee a Ibimestonie tt oe see see peers 20, 810 
6056 |pAkroniunction 2 2. ye eee eels do-22) 24... 5.4) Chertylimestone-a-see sees 31,180 
B50 eMarble@liti i. seeecea eee ae Bram ilies o 2s eee bimestones Jeo owen cen eee sete 16, 750 
5506 |... -- GOs see sso 2's see ae cles late cis Sheetal miele > «CL Ones a Sele ees Ors. ae 2. sac omer 12, 350 
56300 iColumbys: 2 227 ete aca ae o Ferruginous sandstone........ 21,800 
4693 | Patterson....... ; i Doone Lew Sete tomiterine 11,360 
5553 | Dunkirk.-... 26, 200 
4707 | Hillsboro... 15, 590 
8347 | Clarksfield 9, 490 
4656 |e Bie ODLINeS eee eee Logan.............| Argillaceous limestone ........ 16,380 
COSTAL VULCAN Ss 8 ee. Gone Sop WAUICAS uaets caeeten Siliceous limestone............ 25, 480 
60574) CELOUATIOS +. 6oe ao aise Ae eee neat C6 Fo Ye 52 Siok YS eee Argillaceous limestone ........ 19, 430 
8402 | Toledo, 10 miles west of....-....|.-..- CO sseeess 2 =. -2,-|) DO LOMILO Hse eee neers ae eee 11, 600 
10537) Piqua 505 3. SSS ee ace se Miami eee 2 05 i es doe Ne la ea ee 9, 810 
10538 |..... One eal aa eee b lente stones ete GOsscee iss nt alee £6 Ca UN ne terry Ree yes et 15, 150 
6D52) Witte Hiockss- oes ese eae Ottawaiin..ss-': Alea GOLA Beier tee 16, 620 
9045). ROCKVERAGRC! don acres donee Alene ole es o) >| tae [s Ko Peeper a pmb 2 et 2 LIN 28 13,3'0 
10539 i NewuParis’. <2. 2ces eau de se Problosee) 2225 ae GOo-} Maids steiee tema 16, 480 
55564 Bloomiville:... 2. 3-- see coe ses Senecazey ss... sth Ibimestone 5/225, eeeeeeeeee 20, 250 
6555,)| Middleport=.. - 22.2 mee 2 se. oe Wan Werter.. js. Dolomite: oii tae eee 25, 200 
OKLAHOMA 
O688.|'Granites..-3..5u le Vee ste 56 Greer seme 5-255 Granite 252 cose ae 18,000 
PENNSYLVANIA. 
ISO OTANI a see qe eeee it soe bie eet Adams -perevecsc. - Gabbroitic diabase.........-..- 28, 440 
DOO? | CLVMGIMAN =... chee dealt an Bedfordeeveu.. 2.1). Impure limestone...........-. 24,150 
4 | ie ees 6 Ce Re Ne See ed Re et alle A Ba obo 5 eer ee Siliceous limestone............ 21, 860 
BGS2 || HITOBDOLOUs « sacec sey Suse sees cow Berksoaweet....-'. - Altered diabase.....-......--. 


1 Exact locality not known. 
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TABLE II.—Results of compression tests of rock complete to Jan. 1, 1917—Continued. 
PENNSYLVANIA—Continued. 


Crushing 
Bae euenen 
eria < , . pounds 
a Locality. County. Name. per 
square 
inch. 
Argillaceous limestone......... 15, 480 
Bere CORAM NS Ce onsen 2 20, 880 
.| Blast-furnace slag.......-..-.- 9, 000 
Pyroxene quartzite, 31, 800 
IMICAISCHISh Se =see ea eemuae AD 23, 500 
pe CORSA. Wee AEN 238000) 
Argillaceous limestone........ 18,710 
Siliceous limestone...-..--.... 26, 500 
Mim eStONC Eee Herero aeReeee 8, 510 
EEE LOWEN Beha 19, 250 
.| Siliceous dolomite....-........ 9, 640 
@) Ferruginous sandstone-........ 14, 150 
5771 | Indian Creek Station.-.......... Hayetteeseaeeaeee Calcareous sandstone.........- 37, 740 
(HOG | LBW REID SS rs ge ears a ae Cosi 2 n/a WUIIMEST OM Cp aeese aera ee yee 13. 450 
Osa Conmellsvilles =. e820 n i S| CKO epee Homes acme ClO pe Ree Ee oAeaEoeene sooo! aan 26, 050 
5604 | Water Street.........-.......-.- Earnie Oa Feldspathic sandstone......... 22, 330 
Ean UN ULORG serecize cs tee pe Nae t. Lawrence. .----..- Weimestone seme se eer ee sass 27, 500 
10518 | Montoursville..........-........ Lycoming......... Argillaceous limestone......... 23, 460 
10672 | Jersey Shore........-..-----.-.-|.---- Gol.) Saas ae Siliceous limestone .....--....- 20, 360 
6153 | Porter Township........-..-....|.---- Os. eee Argillaceous limestone-..-....- 28, 580 
ca eee ah a AS a lh bn Oe: : {eae ils 2 GOP eA Meelon ereseriemae ae 26, 860 
Lee dO.) aT MGs ee S SUN Ae 18,610 
ase GOSS) =| Nepee el bisete s Olats acta oral Sates uiat eats ately Sato 22, 930 
ee dol sneer s|szimestone=t) ys ess Se 21, 900 
Man See 2 ROR hae ANN eae RE a 0 14, 160 
McKean..........- Feldspathic sandstone...--.... 9, 680 
A) Beak «SR Eee Ferruginous sandstone-....... 12,130 
(URES a nes ele 8 Loe RE Re GEL UE 14,000 
(GO EEE Be 3A. 2s Hens Mabe OE Se Soe saeiyuie aaerisi sae 12, 480 
Pike) Sk) 2 Suess Feldspathic sandstone..-.-.... 25, 250 
Philadelphia...... iBiobibeleneissaee assess eee 21, 530 
3243 | MeSpadden..........-..-..---.- Somerset...-.----- Sandstone pe sens see se eee 26, 900 
103455) Contluence =): 222-2 22s -ciaeiellesen dol a eee Sone Calcareous sandstone-...-..-.- 24) 790 
5830 | Prompton.......-.....-.-.----.- WidiyIle=. eee sae Feldspathic sandstone........- 26, 340 
5605 | Blairsville Intersection........-.. Westmoreland. ..-| Siliceous limestone-...--.-.--. 32, 560 
Ce PASS SCT els | ei Re SWOT kes hc See A Dolomitic marble............. 27, 400 
RHODE ISLAND 
SSO MMIMWIESLCTEY Eee. Ki owe fers ae Ae Washington......- Graniter cries eae saat 11, 740 
8868 |....- CLO a RMR EEN CT ole: Se nae OE Li i FE AON Den 20, 300 
8869 |..... Ovens ee sae ee as ce=ry sci ise teal atest dos 2a pees | sane COs eee ceases ams See 20, 750 
SOUTH CAROLINA. 
Anderson.....-.-- 12, 990 
|| Ewa 6-4 sobellbesoe d 29,180 
TOON es CON ACS Be 5s 25, 790 
Jeo cE TEE SSE oeEnE rere ence do. alam Tee 7a 19, 240 
Ue NC Sy ae arse ieee ou henu ae (Ko pay ees As = oA es 33, 880 
SISA APACS UO RA re! See aoa dos.) Seen 25, 540 
TENNESSEE 
FRO (PURI ARS Ess AB ae shen BAe eee see Cantons: ) epee: Limestone 22, 750 
Bee 4 ae TN do. 21, 730 
Nee Mn seats 28, 340 
Dolomite. ..--..--- 38, 070 
Marblesn- seas acbe cc ealc ce 17,970 
VERMONT 
5543 | East Wallingford............... iguAbHale se 25556 Altered diabase..-....-.-.---- 16, 800 
S805, MB ALTO cece aha = seuees,. Sau ae Washington.....-- Granite eee eae e ee eee eee 19, 560 


1 Exact locality not known. 
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TABLE II.—Results of compression tests of rock complete to Jan. 1, 1917—Continued. 


VIRGINIA. 
| a 
Crushing 
hae ePposth, 
Seria F ounds 
No. Locality. County. Name. Pp ae 
square 
inch 
UGS AN Oty ra sats 355 - Secs Bediord saree eeeene Granite gneiss...!......-...... 13, 820 
103440)\ Lynchburg 2). --.c2---.--seecee Campbell. ........ Quantaltes~ use eeee een soe . 25, 885 
GTOGN 2) ee Se a ER eee Doe Dinwiddie. .--.... Grate: 0 deel eee eee 13, 150 
4900A | Broad Run. .--2--2---.----2.-.- Hanquier. . <2. 22) Quartz 2 2 levee eee eee 28, 400 
4900B |....- GME 5 cae dee see eses-cd-c25 20 =n|bsoo- Oe S652 adq52 HE pid OSIb0 je eee seas aneaesee 28, 000 
bO371 SELabhmMore.....-.c2028-\46-< eeu Fluvanna.....--.. Chlorite epidote schist... .....- 13, 210 
5678 | Eggleston (near)..--.-...-.---.- Giles. 5226 -e cette Dolomites.c. 2 shoe eer eae 45, 690 
Ho OSCODE La seee ees eee ere Goochland. .....-- Granite gneiss... /-.-.2.-2/.--- 13, 550 
6615 | Korah Station. ..........-.....- enricol fo eee Biotite granite: - == 22 lessees 20, 300 
5925) (Green Ways == ae ann eee = - Nelsonzeeeeeepeae= Feldspathic quartzite... -- : 16, 500 
5492 | Nokesville. - Prince William . . .| Ferruginous sandstone 17,780 
HO 2n Greenleshetensees ee asn eee eeeaee Rockbridge... ....- Dolomitic marble. ..-......... 36, 900 
5382 | Bluff Water Station Rockingham .....- Inimesfone seep e nese eae 21, 450 
5385 |-.-.- Glo). 5 ssa coses pe bess scscecocelaooe GSS ossosnsece{b ace Os (c= 2 sine eee eae ane eee 40, 850 
SRG) | Stra EPA SE Se See ee Seer 3000 ussellc. oe 225002 Sie ae CO eee ae ee ene 17, 600 
7217 | Burkes Garden ......-.-.-..--.- Mazewelle 2 2228-22 Dolomitic sandstone.......... 21, 500 
WEST VIRGINIA. 
| 
BSN PDOLKOIOY en sem enn ter = naar eee Berkeley.-..-.---- Limestone... see ee eee 23, 350 
DONTE) URONIC Keser ore iste aia tela ae heer Greenbrier. --..--- Crystalline limestone. ......--- 21, 300 
HOUR a ET AVIOne seer soe a en ae ee oe | See Gli co tareeinas HiMmMeStone se eee eee 17, 450 
BILD! SHOW WACO seems se econ eo a| eee GO eee ears | eee (Ki emmen EES Oe A is 5 13, 550 
7475 | Green Spring, east of..-...-.-.-- Hampshire... ..--- Siliceous limestone -.......---- 34, 400 . 
TEEN Bee (oc SANS aN ye AIR CIN Sas COs eee ee Quartzite)- eo ieee 15, 050 
6109 | Spring SET ee ae oe Kanawha..-.-.--- Sandstone se. s.eee eee eeeeee 12, 400 
O152.0| SMAInMON ieee pasate reas peels Manlone tees -cer ere reeee LO. ae ee ener a ae 5, 420 
Oisan re ee (iC Re ee elon ones tees ol sec Os eeer ee. 2a eee dogs foe eee ene 5, 720 
edhe Oc Se aie ee NR ee Cae a ema LO}! Aa ee 6, 080 
56107 Stureisson 2) 2-5 ¢) eee Monongalia..-.... Siliceous limestone.........-.- 22, 440 
SGI2 22 Ona a pristenct ee teeta ete cece Clo sascbe sso" Limestone see seer e eee 17,910 
pias | a) dO ee seek i soechosae | Gees On Sea seeee ks Argillaceous limestone. - .-..-. 14, 300 
5614 |....- donc. S Oe optineree ine spinels | eeioe On seen. -aee =e Calcareous sandstone. -.....--- 29, 840 
Bot Dn ssa: CO ee Sasso ase sae el oer GOnn s.coseswee Impure limestone.-.......-.-.- 19, 650 
5616 |.---- dO. Se Med. een se eesebectgettonys|etbeee dosieah: ohaate Argillaceous limestone. - -- -.-- 24, 850 | 
8147) Parkerspurg.- 22s seosce soos eeee Wood 252ee eases Feldspathic sandstone. - ..-.-- 11, 910 1 
WISCONSIN. 
HOD a ECHOES ame cts cc emia see cme Fond du Lac..-..- Dolomitieni 4 ese cepa 32, 600 
SAAB PAMDEI EA fF. - ce sence ese sense Marinette......--. Biotite granite. --.....-.------ 20, 000 
LLI29| Wauwatosa. . 2223528 52 asia 2 Milwaukee.....-..- Argillaceous dolomite. .......- 45,310 
8656 | Lannon.....-...-.---. she sesdice Waukesha.....-.--| Dolomite...-..-.....-..- booue 23, 020 


1 Exact locality not known. 


Taste III.—Geographical distribution of rock samples tested to Jan. 1, 1917. 


Alabama......--- Oo | eansaseee cs sea 13 | New Jersey..-..--- 75 
i 3 Heep iaekyi=* sweSstee 46 | New Mexico.....- 1 

17 | Louisiana. aia 7 | New York.....-..- 148 

101 Bille see Ass Sae8 2 86 | North Carolina. 149 

28 | Maryland........- 121) WOHIO2 si eee eae 65 

52 Maseactaeaitd See) 19024 "Okiah omens 50 


30 | Michigan......... 95 | Oregon....... Bi 14 
Florida ean ee 13 | Minnesota......-- 17 | Pennsylvania..... 610 
Georgis.” 225.252: 256 | Mississippi... .---- 13 | Rhode Island..... 41 
shies Sos sesh 10\| Missourpe..--....- 39 | South Carolina... 30 
THinois 2 cst see 128 | Montana.....-...- 4 | South Dakota. -.. 15 
Indiana... ......- 179 | Nebraska.......-.- 12 | Tennessee. ......- 77 
NOW Ewe corey a 23 | New Hampshire. . PH ih id =<: CR 8 63 


By comparing the results of tests on a sample of rock with the 
limits as shown in the following table, a general idea of the types of 
road construction for which it is best suited may be obtained. 
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TasBLe LV.—General limiting test values for broken stone. 


Limiting values. 
Type of construction. Traffic.1 uae 
coefficient | Toughness.| Hardness. 
of wear. 
K(RAg TG 2 aera 5to 8 5to 9 10 to 17 


Water-bound macadam, plain or with dust NtoGlerara 9 to 15 10018 | aorover! 


palliative treatment. ea yee 16 or over. | 19 or over. | 17 or over. 
Macadam with bituminous carpet...-..-..... Light to moderate...) 5 orover. | 5 or over. 2 
Bituminous macadam with seal coat......... Moderate woe yy. .| 7 or over. u0 or over, |..-.- a ; Reece 

. . Light to moderate...| 7 or over. or over. 2 
Bituminous concrete - Pa Mes ih hab eon |\ Moderate to heavy - -| 10 or over. | 13 or over. |...------.-. 
Binder course for sheet asphalt or Topeka | Any....-...-.-.-.-- 7 or Over. | 6 or Over. (2) 

type. 
Pordand cement concrete.........--.---.---- Moderate to heavy. . (3) 8 or over. | 16 or over. 
Bltonempavineplockauy Phe) vee eee one Army LES RRR iN cua (3) 9 or over. | 16 or over. 
Broken stone foundations......-.....-------- Saene Co Co Male aerate Benes 3 or over. | 3 or over. 8 or over. 


Cementconcretetoundahlonsy=- ej siete hs cee sce ees sense eee cellcciceice. cece e! SLR ONY SRD DNS eee ee ean 


1 Light traffic is assumed as less than 100 vehicles per day, moderate traffic between 100 and 250 vehicles, 
and heavy traffic over 250 vehicles per day. 

2 Numerous tests have shown that limits for hardness are unnecessary if the material possesses the.re- 
quired French coefficient of wear and toughness. 

8 Limits for French coefficient of wear are not at present considered necessary for this type of construction. 

4 Crushing strength, 20,000 pounds or over per square inch is sometimes required. 


Cementing values should show over 25 in all cases if material is to be 
used in water-bound macadam construction. 

In general, granites, gneisses, schists, sandstones, and quartzites 
should not be used in the wearing course of water-bound macadam 
roads. Shales and slates never should be used in this connection; 
therefore cementing value tests have been discontinued on these 
materials. 

For further details and explanation of results in this table and also 
for tests on all materials to January 1, 1916, see U. S. Department of 
Agriculture Bulletin No. 370. 
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SHRIMP: HANDLING, TRANSPORTATION, AND USES. 
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of M. E. Pennineton, Chief, Food Research Laboratory. 
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That both raw and cooked shrimp can be shipped to distant 
markets without the use of preservatives and arrive in good con- 
dition is established both by the experience of careful packers and 
by the investigations reported in this bulletin. To do this, however, 
the handler must observe two precautions. In the first place, he 
must keep raw shrimp iced or cold from the time they are caught 
until they reach the consumer. Secondly, he must wash the raw 
shrimp thoroughly, as soon as possible, in order to remove slime 
and foul stomach contents which are likely to contaminate the 
product and give it an unsatisfactory color or flavor after it has been 
cooked. Careful handling is necessary at every stage to avoid un- 
necessary breaking or damaging of the shrimp. 


ICING. 


Jnless they are iced or cooled immediately when caught, shrimp 
will soften quickly, especially in warm weather. Whenever there is 
danger of such softening, shrimp boats or trawlers should carry. 
plenty of ice. Shrimp buyers should refuse to take stock that is not 
im good condition at the dock. Heavy icing is particularly important 
when the shrimp are molting, because then they are soft, easily 
broken in handling, and more subject to decomposition. 

Care in handling shrimp properly begins the moment the net is 
raised. All soft, damaged, or small shrimp should be culled out and 
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the slime and dirt removed by thorough washing with water. Culled 
and cleaned shrimp should be stored in the boat at once with cracked 
ice. As soon as the boat reaches the dock the shrimp should be 
removed from the hold, sorted a second time, and weighed. Unless 
the stock is to be headed at once, or is to go immediately to the kettle, 
the shrimp should be placed in cooling tubs filled with cracked ice 
and water, or go into a refrigerated room, the temperature of which is 
below 40° F., and allowed to stand there for several hours until com- 
pletely chilled. When shrimp are to be shipped raw they should 
always be thoroughly chilled before shipment. If the chilling is 
thorough, less ice will be required in transit and the stock will be 


firm when delivered. 
HEADING. 


In certain sections the trade demands headless stock. In other 
markets, especially in the South, consumers are suspicious of headed 
shrimp, as they erroneously regard the absence of the head as an 
indication of spoiled stock. Such consumers ultimately pay the 
express on the entire weight of the package and then throw nearly 
half of the shrimp away. Experiments indicate that the heads and 
appendages constitute from 43 to 45 per cent of the raw whole stock 
and about 41 per cent of the cooked whole stock. 

It is essential that the shrimp be headed before they have become 
warm, because the dark liquid in the stomach of the shrimp consists 
of oily, partially digested plant and animal material, which readily 
decomposes. This liquid, as well as the body slime, must be removed 
immediately after the shrimp are headed. 


COOKING. 
THE BRINE. 


The crude, haphazard methods of cooking practiced in some plants 
explain in large part the losses in cooked shrimp and the unpalata- 
bility of some products. Such ‘‘rule-of-thumb” methods as cooking 
until the meat pulls away from the back of the shell will not give 
uniform results. The careful packer when cooking seeks to sterilize 
the shrimp by the heat and to let the stock absorb enough salt from 
the brine to insure proper seasoning and to promote keeping qualities. 
At the same time the packer must control his operation so as to pre- 
vent excessive loss in weight from overcooking and loss in quality 
from undue hardening and salting of the meat. Undercooking is 
also to be guarded against, as it results in a flabby, tasteless product, 
poor in keeping quality. 

The initial step in cooking first-class stock is to use brines of 
proper strength. No definite rules can be laid down as to the strength 
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of the brine, as this will depend on the relative amounts of shrimp — 
and brine used, the time allowed for cooking, and the degree of 
saltmess desired. Each packer, by experiment, can determine 
readily the strength of brine and the length of cooking which will 
yield the results he desires. In general, the brine should contain not 
less than 10 per cent, by weight, of salt and not more than 25 per 
cent. There should be at least 4 gallons of brine for each 10 pounds 
of shrimp. The careful packer will equip himself with a hydrometer 
so that he can measure accurately from time to time the density of 


his brine. 
THE COOKING VESSEL. 


The shape of the vessel in which the shrimp are cooked directly 
affects the evaporation of water from the brine, and consequently 
has a bearing on the density of the brine during cooking. Deep 
kettles with straight sides that have as little surface as possible for 
loss of heat and for evaporation, are the most satisfactory. They 
should be heated from some constant source—preferably coils of steam 
pipes immersed in the brine—which permits of exact control of tem- 
peratures. It is not desirable to cook shrimp in metal tubs, in pots, 
or in wide, shallow kettles over open fires. 


LENGTH OF COOKING. 


It is very important to have the brine actually bubbling before 
any shrimp are put into the kettle. Cold shrimp will chill the brine 
so that it stops boiling, but if the volume of liquid is sufficiently large, 
active boiling will be resumed within afew minutes. Since the shrimp 
in cooking develop air spaces and rise to the surface, they should be 
held down by a weighted wire screen or similar device to insure 
proper cooking. 

The length of cooking depends upon the strength of the brine, the 
quantity of shrimp to be cooked, and the flavor desired. In general, 
shrimp are cooked from 15 to 20 minutes after the brine in which 
they have been placed begins to boil. The shorter the cooking and 
the weaker the brine the less will be the shrimp’s loss in weight. 
When a minimum amount of salt is used, continuous refrigeration 
is necessary 1n order to prevent spoilage, and the product is suitable 
only for shipping to near-by markets. Shrimp that will be shipped 
to distant markets should first be cooked in 15 per cent brine for 15 
to 20 minutes, cooled in a chill room to 35° F., or less, and then 
shipped in a sealed package surrounded by ice,. 


ACCURATE CONTROL OF COOKING. 


To insure accurate cooking, the packer should use a thermometer 
which registers as high as 250° F. It should be made entirely of glass, 
as brine affects wood or metal frames. The packer should also have 
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a hydrometer graduated in salt percentages, Baumé scale, or specific 
gravity. Hydrometer readings should be taken only in cool brines, 
the temperature of which is as near 60° F. as possible. With these 
instruments the packer can determine readily by a few experiments 
the best brine and the best temperature as related to time of cook- 
ing. Cooking for 15 minutes ina 15 per cent brine might be used as 
a starting point in these experiments. 

The following table shows the approximate relationship between 
the boiling points, densities, and specific gravity of the brines, and 
the amounts of salt needed to make a brine of given percentage. In 
ordinary practice, however, it is necessary to have from 10 to 20 per 
cent more than the specified amount of salt. As commercial salts 
vary in impurities and moisture content, this table is suggested only 
asa guide. It must be modified after experiment to fit the particular 
salt used. 


TaBLe 1.—Approximate relationships between bowling points and strength of brine. 


: Dry salt 
Boiling Beeeie Density | required 
Salt. | point of | 8 Y | of brine | for 100 


of brine ° : 
rine. |. ° at 60° F.| gallons 
at 60° F. of brine. 


Per cent. Ba, ° Baumé.| Pounds. 
-0 214 1.035 5.0 43 
7.5 216 1.054 7.4 65 
10.0 217 1.073 9.8 86 
12.5 219 1.092 12.2 113 
15.0 221 1112 14.5 139 
17.5 223 1.131 16.7 165 
20.0 225 1. 152 19.0 191 if 
25.0 228 1.192 2352) 230 


COOKING WITH LIVE STEAM. 


Live steam, occasionally used for cooking headed shrimp that are 
intended for drying, may also be employed in cooking shrimp for 
ordinary purposes. The shrimp are sprinkled evenly with salt and 
allowed to stand ashort time. They are then placed in a steam-tight 
box and subjected to the action of live steam for half an hour. This 
process, aside from obviating the necessity for making and handling 
brines, requires less salt, prevents soaking out of flavors, and results 
in less loss in weight. Where brine is used, chemical analysis of the 
scums and brines after cooking shows that considerable amounts of 
albuminous and mineral matter have passed from the shrimp into 
the brine. The albumin coagulates upon boiling in much the same 
manner as does the white of an egg. This loss in albuminous and 
mineral matter means that the shipper loses, since he has fewer 
pounds of shrimp to ship, and that the consumer does not receive 
the full food value of the product. 
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Fic. 1.—TRAWL NET BOATS USED FOR CATCHING SHRIMP. 
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Fia. 2.—SHRIMP IN SHALLOW WATER ON THE BEACHES ARE CAUGHT IN THESE LONG 
Nets BY WabIna MEN. 
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Fia. 1.—BoiILING SHRIMP OVER OPEN FIRES BY “ RULE-OF-THUMB” METHODS IS 
LARGELY RESPONSIBLE FOR THE LOW QUALITY SHRIMP SOMETIMES FOUND IN 
NORTHERN MARKETS. 
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Fic. 2.—SHRIMP HEADS. A VALUABLE FERTILIZER Now GOING TO WASTE. 
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PREPARING COOKED SHRIMP FOR MARKET. 
COOLING SHRIMP AFTER COOKING. 


After they have been cooked the shrimp should always be cooled 
thoroughly before being packed for shipment. Unless this cooling is 
done properly they can not be shipped to market successfully. The 
spoilage of shrimp in transit is due more to incomplete chilling before 
packing than to any other single factor. 

The shrimp should be placed in thin layers on cooling racks of wire 
screens in a temperature below 50° F., if possible, and exposed to a 
free circulation of air. Under this treatment the shrimp quickly lose 
their heat and the excess of water absorbed from the brine. The 
packer should not judge their temperature merely by touching the 
shells. Cooked shrimp contain air spaces between the meat and the 
shell and as the shell is a poor conductor it frequently is cold to the 
touch even when the shrimp meat itself is still warm. The degree of 
coolng may be tested by removing a shell and breaking open the 
meat. 

In the Southern States the temperature of the air may be from 
75° to 90° F. This is too warm to cool the shrimp to the de- 
gree necessary in the case of such a perishable foodstuff. Under 
such conditions the shrimp must be placed in a refrigerated room. 
Proper cooling is of the greatest importance because it means less 
danger of spoilage in transit, results in the use of less ice in packing, 
and insures freshness in the product when it reaches the market. 


PACKING COOKED SHRIMP FOR SHIPMENT. 


There are several ways to pack shrimp, depending on the demands 
_of the markets and the distances to which the shrimp are shipped. For 
near markets whole or headless cooked shrimp are packed in small 
boxes or crates and shipped in the cool months, usually without re- 
frigeration. The containers should not hold over 30 pounds, as a larger 
bulk increases the danger of heating. Unless the shrimp are ab- 
solutely dry and cooled to a temperature of less than 40° F. it is 
hazardous to ship them in air-tight containers because of danger of 
sweating and consequent decomposition. For this reason some pack- 
ers use ventilated containers or crates. 

Dry cooked shrimp are thoroughly cooled, packed, and sometimes 
shipped in 1 to 5 gallon tin cans that are lined with paper and provided 
with water-tight covers or tops which are soldered or fastened tightly 
tothe can. The sealed cans then are packed in ice in burlap-covered 
barrels with drainage holes at the bottom. Such packages are reiced 
by the express company when necessary, and even in warm weather 
can be transported in good condition. 

_ Some shippers pack the cooked stock in tight cans in light brine 
supposed to act as a preservative. The dry-packed stock, however, 
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has a better flavor and keeps just as well if it has been properly 
cooked and handled. Packing brines should not be over 5 to 10 per 
cent strength. Heavier solutions tend to make the shrimp leathery 
and too salty and weaker ones produce softness and flabbiness in the 
stock and have no appreciable preservative effect. A brine of 7 or 8 
per cent strength should be satisfactory for shipping purposes. In 
such packing both shrimp and brine should be cooled before shipping; 
otherwise there is danger that the ice may melt during transit and 
the shrimp consequently decay. 

Headless cooked shrimp packed in kegs in strong brine of from 15 
to 20 per cent strength keep very well. This ‘‘keg stock’”’ sometimes 
is used in restaurants or hotels, where the necessary freshening can be 
done. Most housewives prefer the product packed in weak brine 
because it is more convenient and has a better flavor. 


PACKING RAW SHRIMP FOR SHIPMENT. 


Raw shrimp before being packed are chilled with ice to 40° F. or 
below. A layer of ice is placed in the bottom of a barrel provided 
with drainage holes. A layer of chilled shrimp is placed on the ice, 
then another layer of ice, and more shrimp. A large cake of ice or 
‘‘header”’ is placed on the top of the barrel. Another method is to 
provide a bottom layer of ice and then place on end in the center of 
the barrel a long, narrow cake of ice. The shrimp are packed around 
this cake, or core, of ice, the ‘‘header”’ cake is placed on top of the 
barrel, and the barrel and its contents covered with burlap. Cooked 
shrimp, as a rule, are sent by express in small lots. In the case of 
raw shrimp, car lots of iced barrels occasionally may be shipped by 
fast freight in refrigerator or ventilator cars. 


DRIED SHRIMP AND OTHER SPECIALTIES. 


Dried shrimp are prepared in certain sections of Louisiana and 
Florida. The cooked shrimp are dried outdoors in the sun and the 
meats threshed out from the shells. Under an improved process raw 
shrimp sprinkled with salt are cooked with live steam and dried over 
steam pipes. This rapid drying results in a bright, attractive food 
product which has not been subjected to the molding or decomposi- 
tion frequently taking place when shrimp are dried outdoors under 
varying weather conditions. This product deserves a wider market. 

Headed and peeled shrimp meats also should prove popular. These 
meats after being cooked in a weak brine are cooled and dried on wire 
screens. They are then packed dry in tightly sealed tin cans (some- 
‘times lined with paper) of from 1 to 5 gallon capacity. The cans are 
shipped in barrels of cracked ice. 

Shrimp pastes are prepared by grinding shrimp meats and adding 
salt and flavoring. They are used like anchovy paste forsandwiches 
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and as arelish. Potted tuna fish, smoked salmon paste, and similar 
preparations of halibut have recently met with some sale in this 
country. It is believed that a somewhat similar by-product can be 
made profitably from broken or small shrimp or from surplus stock 
taken in periods of slack markets. 


‘FOOD VALUE OF SHRIMP MEAT. 


Chemical analysis shows that shrimp are a nitrogenous food con- 
taining constituents similar to those found in cheese, meat, oysters, 
and eggs. Almost all of the edible portion of raw shrimp is protein, 
the muscle and tissue building food element. Since shrimp are a 
concentrated nitrogenous food they may be used as the principal dish 
of a meal as well as the basis of a salad or as an appetizer or relish. 

Table 2, which shows the results of analyses of shrimp obtained 
from different localities and prepared in various ways, gives compari- 
sons between shrimp and other foodstuffs of a nitrogenous nature. 


TaBLE 2.—Analyses and food values of shrimp and certain other foodstuffs. 
[Calculated on the fresh dasis. ] 


Shrimp (edible portion). Other foods (edible portion). 


= = u ot ; ; A 
a iS a. |a S| é rd td 
Constituents. ca | BA jas |e i138 NE ite i Etna Sy 
4 ue aS a og ae aS o g d | a 
3 | 34 | Ss Spee ete | eeiei| Seis ee eee 
See Wes I ool aunts, Wee lee ace les |e en 
Sie set lineal, ey i Sameera. Ne: MSH ong ES 
1S) (Ss) 'S) A Mm |O 'S) & = | ela 
P.ct.| P. ct. | P. ct. | P. ct. |P. ct. | P. ct.| P. ct.| P. ct.|P. ct. |P. et. |P. ct. |P. ct 
Protein ss 445 kL). ti 27.6 | 25.5 | 20.0] 71.4 | 14.8 -2 | 21.8] 18.6 | 13.4] 21.3] 3.3] 28.8 
Warhol dratesaasce sere eece| pact sal teceasclocsoess Soar sense eee resis lee neces |e ie Ne a CBN eee 
SHG ee eee ve aia 1.0 0.8 0.5 BO oSecas 1.2 | 12.1 5.2] 10.5] 7.9} 5.0] 35.9 
AWicttele set ace ewes ss 64.5 |} 67.7) 75.7] 12.5 | 80.3 | 86.9 | 63.5 | 75.4 | 73.7 | 70.0 | 87.0] 31.6 
SEU Ge Ge aaa ae emee 4.8 2.9 TO AOR sae cooiisacuce TESCO Sea es set tones (aS ee 1.7 
Comparative fuel value 
per pound (calories) ..| 559 505 395 | 1,540] 345) 235) 915] 565] 720] 730] 325 | 2,055 


UTILIZATION OF SHRIMP WASTE. 


When shrimp are headed about 43 per cent of their weight is thrown 
away. Small amounts of this material are used locally by farmers, 
who report that it has excellent fertilizing value for certain crops. 
As a thousand barrels of shrimp (50,000 to 60,000 pounds) are landed 
sometimes in a single day it is obvious that a large amount of poten- 
tially valuable fertilizing material is obtained from the heading of 
shrimp. Some attention has been given to the drying of shrimp 
heads for sale as fertilizer. Experiments indicate, however, that in 
the process of drying a large amount of nitrogen is lost in the form 
of ammonia or other volatile substances. To retain this nitrogen it 
would seem advisable to mix the material before drying with a suit- 
able acid-reacting substance of value as a fertilizer. The material 
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when dried in this manner should constitute a valuable by-product. 
Analysis shows that dried shrimp waste contains over 11 per cent 
nitrogen, calculated as ammonia, and 24 per cent phosphorus, calcu- 
lated as phosphorus pentoxid.’ These figures indicate high ferti- | 
lizing value. 

SUMMARY. 


Cleanliness, proper cooking, and care in handling shrimp, com- 
bined with a discontinuance of the practice of using preservatives, 
have resulted in the production of a finely flavored product which is 
gradually increasing in popularity. At the same time improvements 
in methods of packing and preparation have made shrimp accessible 
to many new markets at long distances from the producing sections. 

Packers in the South and on the Pacific Coast should make every 
effort to keep their own products up to the highest standard and 
should do everything possible to promote the general adoption of 
high standards by the trade. 

The increased consumption of shrimp and the opening of new mar- 
kets are stimulating the industry to increase its catches. If shrimp 
are taken at the wrong time of year or in excessive numbers their 
extermination is probable. Those interested in the shrimp industry, 
therefore, should give early attention to the question of conserva- 
tion. It is also to the interest of those whose livelihood is dependent 
upon catching and packing shrimp to encourage investigations 
planned to determine the periods of spawning, the times of migra- 
tion, and the feeding habits of shrimp, and to do their part in helping 
to make such investigations result in the adoption of protective 
measures. 
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INTRODUCTION. 


Although the lesser corn stalk-borer (EHlasmopalpus lignosellus 
Zell.) heretofore has occurred in injurious abundance only in sporadic 
outbreaks, it now has become an insect of considerable economic 
importance in the Southern States, since crops grown in the poorest 
types of soils, orin soils lacking humus, are usually the most seriously 
affected. The injuries to plants by larve of this species sometimes 
resemble closely those of certain beetle larve commonly known as | 
‘‘budworms’’ (Diabrotica 12-punctata Fab.) and it seems probable 
that injuries frequently attributed to the latter are in reality the 
work of the lesser corn stalk-borer. 

While engaged in other investigations early in the season of 1913 
near Columbia, S. C., the senior author was informed by the authori- 
ties Siipeemmending the State farm near that city that the lesser corn 
stalk-borer was responsible for considerable damage to their field 
crops almost every year. Investigations begun immediately were 
continued through 1914 and 1915. The junior author, while engaged 
in certain investigations in Florida during the winter of 1913-14, 
encountered this same species in destructive numbers. 

The following paper, therefore, is a compilation of the results ob- 
tained from studies made at Columbia, S. C., during the years 1913—- 
1915 by the senior author (27)? and at Lakeland, Fla., in 1913-1914, 
by the junior author. 


1The authors wish to acknowledge the cooperation of A. H. Beyer and H. L. Dozier in field investiga- 
tions. 
2 Reference is made by number to “‘ Literature cited,’’ p. 25. 
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ECONOMIC HISTORY. 


Although the lesser corn stalk-borer was originally described by 
Zeller (3) in 1848, and was known to scientific workers from several 
parts of the Western Hemisphere, it was not until 1881 that it began to 
have other than a purely scientific interest. In July, 1881,C. V. Riley, 
then entomologist of the United States Department of Agriculture, was 
notified that an insect (later identified as this species) was injuring 
corn, both old and young, in the vicinity of Augusta, Ga. Steps were 
taken at once to learn more of the life history and habits of the pest, 
and agents of the Division of Entomology spent the remainder of 
the year conducting investigations at these points in order that they 
might be able to propose remedial or preventive measures. The 
studies made at that time showed that this insect had not been 
known as a pest until about 1878, and that during the period 1878— 
1881 it had become of economic importance in Georgia and South 
Carolina, specimens being taken even as far north as Chapel Hill, 
N.C. The life history was partly worked out and published by Dr. 
Riley (8, 9, 10)'!; but, as no further complaints were received, the 
investigation was suspended. 

In a discussion of the corn insects of Nebraska, Prof. Lawrence 
Bruner (14) published a brief account of this species and its work, 
but did not state that it had been found in Nebraska. In 1884 (11) 
and again in 1893 (16) Riley listed it as injurious to the stalk of corn. 

Not until nearly twenty years after the first recorded damage did it 


again become the object of special study by entomologists. In 1899 


Dr. F. H. Chittenden, of the Bureau of Entomology, received com- 
plaints of injury to beans by the insect in Alabama and South Caro- 
lina, and also to peanuts in Georgia (19). Specimens of the insects 
sent to Washington were identified as Hlasmopalpus lignosellus, and 
further biological studies were begun. All the available information 
at this time was brought together, and the results published in Bul- 
letin 23 of the Division of Entomology by Dr. Chittenden (18). A 
brief note by Dr. Chittenden (21) in Bulletin 40 of the Bureau of 
Entomology, published in 1903, reported damage to cowpeas in Texas 
and Virginia, and the Yearbook of the United States Department 
of Agriculture for 1903 (22) records injury to cowpeas, beans, 
and soy beans in Texas, Alabama, and Virginia, part of these records 
undoubtedly being repetitions of those given in Bulletin 40. In 1904 
Titus and Pratt (23) listed it as injurious to corn, beans, and peas. 
Dr. S. A. Forbes (24) included this species in his monograph of 
the insects injurious to corn, drawing largely from Riley’s account 
in describing its habits and methods of attack. He added the infor- 
mation, however, that adults had been taken in Illinois in August 


1 See ‘‘Literature cited,’’ p. 25. 
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and September, but the account does not indicate that the species 
caused damage in the State at that time. 

In 1905, as reported in the Yearbook of the United States Depart- 
ment of Agriculture for that year (25), sorghum, cowpeas, and crab- 
grass were totally destroyed in some fields near Columbia, S. C., and re- 
ports of damage were received from other localities in South Carolina 
and Georgia. On November 4, 1915, the junior author also found at 
Nashville, Tenn., a small wheat plant killed by a larva which was 
nearly full grown and which entirely filled the burrow that it had 
excavated in the stem. 


SYSTEMATIC HISTORY AND SYNONYMY. 


The lesser corn stalk-borer was first described by Zeller (1) from 
Brazil, Uruguay (Montevideo), and Colombia, South America, and a 
.single female from ‘‘Carolina,’”’ U.S. A. In this article, aside from 
the specific description, Zeller describes three unnamed varieties, 
basing his descriptions almost entirely on color variations. No further 
notes are given in this account except from the localities listed. Four 
years later Blanchard (2) redescribed the species under the name 
Elasmopalpus angustellus, erecting for its reception the genus Elas- 
mopalpus, which recently has been accepted as the proper position 
for the species. Not until two decades later is there a further refer- 
ence to the species in the literature, when Zeller (8), in an article 
dealing with some North American moths, adds somewhat to our 
knowledge of its seasonal and geographical distribution, recording 
it from Brazil and Colombia, in South America, and ‘“‘Carolina” and 
Texas, in the United States. At the latter place three females were 
taken, one on July 15 and the other two a month later. He also adds 
the descriptions of two varieties, incautella and tartarella, based on 
color variations. Each of these varieties was described from a single 
specimen, and both were taken at the same place and on the same 
date. The species as a whole is extremely variable and Zeller himself 
in a later publication (7) placed «ncautella as a synonym of lignosella 
though still retaining tartarella as a valid variety. Another variety, 
designated as ‘‘ variety B,’”’ was described by Zeller (4) from material 
collected at Valparaiso, Chile. In 1875, Berg (5), using material 
taken in Patagonia and elsewhere in southern South America, supple- 
mented Blanchard’s description of /. angustellus, going into detail, 
particularly in describing the venation, and two years later, in a 
further paper on Patagonian insects (6), came to the conclusion that the 
species he had been considering Blanchard’s angustellus was Zeller’s 
lignosella. Since both the species are genotypes, the reduction of 
angustellus to asynonym of lignosella made Elasmopalpus a synonym 
of Pempelia, where it remained until revived by Hulst in 1890 (13) for 
this same species. In 1881 Zeller (7) gave some notes on the amount 
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of variation in the species, basing his remarks on a collection of 25 
specimens from Colombia, South America, most of them taken in 
September and October. 

Hulst (12) redescribed this species as new, from Texas, under 
the name Dasypyga carbonella, a mistake which he later rectified in 
his monograph of the Phycitidae (13), in which he places carbonella 
as a synonym of Zeller’s variety tartarella. In the same publication 
he redescribes lignosellus, places it in the genus Elasmopalpus for the 
first time under that name, and gives a bibliography and notes on 
the distribution and seasonal occurrence. 

Ragonot (15) covers much the same ground as several of the 
previous authors, giving the synonyms, bibliography, and a descrip- 
tion of the species and calling attention to its great variability. He 
also uses the name major, the first word of Zeller’s description, for 
the variety B mentioned above and lists it as a variety of the species . 
lignosellus. Smith (17 and 26) records the species from New York, 
and Dyar (20) lists it with its synonyms in his catalogue of the 
Lepidoptera of North America, giving the distribution as the Atlantic 
States and South America. 

The junior author has gone carefully over all the descriptions 
given by the various authors mentioned above, examining the 
specimens in the United States National Museum, and has come to 
the conclusion that the use of all varietal names in this species may 
well be discontinued. The varieties that have been described are not 
constant in any respect either as to size, geographical distribution, 
or seasonal occurrence, and apparently they mdicate merely indi- 
vidual aberrations in color, size, or markings. The synonymy, then, 
stands as follows: 

Pempelia lignosella Zeller (1), 

Elasmopalpus angustellus Blanchard (2), 

Pempelia lignosella tartarella Zeller (3), 

Pempelia lignosella incautella Zeller (3), 

Dasypyga carbonella Hulst (12), 

Elasmopalpus lignosellus (Zeller) Hulst (13), 


Elasmopalpus lignosellus incautellus (Zeller) Hulst (13), 
Elasmopalpus lignosellus tartarellus (Zeller) Hulst (13). 


GEOGRAPHICAL DISTRIBUTION. 


This species is limited in its occurrence to the Western Hemisphere. 
It occurs practically throughout South America, having been reported 
from widely separated localities in all parts of that continent. The 
list as given by Hulst includes Venezuela, Colombia, Brazil, Argen- 
tina (Buenos Aires), Chile, and ‘‘Patagonia.’’ In North America 
(fig. 1), while its range is not so great, it may be said to, occur over 
the entire southern half of the United States. It has been. most 
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commonly reported from the States bordering the Gulf of Mexico 
and the southern Atlantic coast. It has been encountered causing 
injury in Arizona. Dr. Forbes reports it as having been taken at 
Various points in southern Illinois. There is aspecimen in the National 
Museum rather indefinitely labeled ‘Iowa.’ The late Prof. F. M. 
Webster observed some of the moths years ago at Lafayette, Ind. 
In addition to the one mentioned above there are specimens in the 
National Museum bearing locality labels indicating that the moths 
have been taken at Cohasset, Mass.; Clemson College, S. C.; Miami, 
Palm Beach, and Lakeland, Fla.; New Orleans, La.; Dallas, Browns- 
ville, Sabinal, Kerrville, Victoria, and Burnet County, Tex.; and 
San Diego, Cal. John B. Smith, in his List of the Insects of New 
Jersey, records it from Newark and Montclair and states that it will 


Fic. 1.—Map showing present known distribution of the lesser corn stalk-borer (Elasmopalpus 
lignosellus) in the United States. (Original.) 


be found throughout the State. It undoubtedly occurs throughout 
Mexico and has been reported from the Bahama Islands. 


FOOD PLANTS. 


The following is a list of food plants upon which the larve of this 
species have been found to feed, given here with locality, date, and 
collector or observer: 


BEANS: 
Auburn, Ala., August 16, 1889 (F.S. Earle); Charleston, 8. C., September 27, 
1889 (11. M. Simmons). 
Corn (Zea mays): 
Augusta, Ga., 1881 (C. V. Riley); Tllinois, 1905 (S. A. Forbes); Lakeland, Fla., 
April 25, 1913 (Geo. G. Ainslie); Columbia, 8. C., 1913-1914 (P. Luginbill); 
Tempe, Ariz., October, 1914 (Edmund H. Gibson). ~ 
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CowPEas: 

Victoria, Tex., August 30, 1902 (W. D. Hunter); Fredericksburg, Va., Sep- 
tember 2, 1902 (G. W. Koiner); Columbia, 8. C., and other points in the 
State, and Georgia, 1905 (F. M. Webster); Columbia, §. C., 1914 (P. Luginbill); 
Gainesville, Fla., July and August, 1916 (R. N. Wilson and H. L. Dozier); 
Boca Grande, Fla., June 29, 1916 (H. L. Dozier); Arcadia, Fla., June and 
July, 1916 (Joseph Crews). 

Cuura (Cyperus esculentus): 
Arcadia, Fla., June and July, 1916 (Joseph Crews). 
CraB GRASS (Eleusine indica): 
Columbia, S. C., other points in the State and Georgia, 1905 (F. M. Webster); 
Columbia, S. C., August 27, 1913 (P. Luginbill). 

JAPANESE CANE: 

Arcadia, Fla., June and July, 1916 (Joseph Crews). 
JOHNSON GRASS: 

Tempe, Ariz., November 3, 1914 (Edmund H. Gibson). 
Mino MAIZE: 

Tempe, Ariz., October, 1914 (Edmund H. Gibson), 
PEANUTS: 

Athens, Ga., September 25, 1889 (Thomas I. Todd). 
SorGHUM: 

Columbia, 8. C., other points in the State and Georgia (F’. M. Webster); Colum- 

bia, S. C., 1913-1915 (P. Luginbill). 
SUGAR CANE: 
New Orleans, La., June 16, 1914 (T. E. Holloway). 
TURNIPS: 
Athens, Ga., October, 1889 (Thomas I. Todd), feeding on the leaves. 
WHEAT: 
Nashville, Tenn., November 4, 1915 (Geo. G. Ainslie). 


Although it would seem from the above that the larve are omniy- 
orous, the investigations of the writers disclose the fact that they 
show a decided fondness for the Graminez and probably would confine 
themselves almost exclusively to plants belonging to this order if 
always obtainable. 

RECENT INJURIES. 

This species is particularly injurious because it shows a decided 
fondness for attacking plants growing in sandy soil. Soil of this type 
generally is deficient in fertilizing elements and also suffers very 
quickly from drought. Consequently plants growing in such soil 
are not as thrifty and vigorous as those growing in loamy soils, and 
when attacked they lack vitality to counteract the injury and suffer 
more than do those in soils of more favorable nature. It frequently 
occurs that only certain portions of the field are of this sandy type 
and in such cases infestation is confined to the sandy areas, it often 
being difficult to find larve in the rest of the field. 

During the summer of 1913 about 2 acres of sorghum in a field on 
the State farm near Columbia, 8. C., was practically laid waste by 
the ravages of this species. The soil in this area was almost pure 
sand, while the rest of the field was sandy loam. In many instances, 
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as shown in Plate I, figure 2, no trace of plants could be found when 
the photograph was taken, the larve having killed them outright when 
young. Those that did survive were much dwarfed and rendered 
practically worthless, and in most instances were devoid of central 
stems. 

In the latter part of April, 1913, fields of small corn near Lakeland, 
Fla., were being attacked and ruined by these larve, about 10 per 
cent of the plants exhibiting evidences of injury at this time. The 
plants continued to die for about 10 days, at the end of which time 
in some portions of the fields fully 90 per cent were dead and the 
stand everywhere was poor. The parts of the fields most lacking in 
humus suffered the greatest injury. During the same year con- 
siderable damage was done to cowpeas in fields near Columbia, S. C., 
the soil in the infested fields being very gravelly and in some places 
composed of almost pure sand. The injured plants, at the time of 
the discovery, were wilting, which made it appear as though they 
were suffering from want of moisture. At one place this species, 
together with Diatraea zeacolella Dyar, destroyed the greater part 
of a 7-acre field of corn. 

In 1914 about 2 acres of corn (PI. I, fig. 1), in a field on the State 
farm near Columbia, S. C., was damaged very severely by the larve. 
In many instances the plants were apparently killed outright when 
young, as in the case of the sorghum previously mentioned. Those 
that recovered were very much dwarfed, became one-sided, and 
gave rise to a number of suckers. The soil in this infested area is 
composed almost entirely of sand, while the rest of the field is a sandy 
loam. 

Under date of October 7, 1914, Mr. Edmund H. Gibson, of the Bureau 
of Entomology, recorded larvz of this species as injuring seriously 
corn in laboratory plats at Tempe, Ariz. Pulling up 15 stunted 
‘and withered corn plants, he found the larva in every stalk. Later 
in the month the larvee were more abundant on corn and were also 
taken from sorghum sprouts and milo maize. On November 3 of the 
same year larvee were collected from Johnson grass growing in a 
barley field, and about 70 per cent of the grass was injured, although 
the barley showed no evidence of injury. 

During July and August, 1916, about 2 acres of sorghum in a field on 
the State farm near Columbia, S. C., was again practically laid waste 
by the ravages of these larve. The soil in this area also was of a 
sandy nature. Some of the badly infested plants were from 1 to 2 
feet tall and without a central stem, as late as September, whereas 
plants uninfested were from 5 to 8 feet tall and in head. 

Under date of August 19, 1916, Mr. H. L. Dozier, of the Florida Agri- 
cultural Experiment Station, informed the senior author that larvee 
of this species were damaging cowpeas in plats on the station grounds. 
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The soil in these plats was of a sandy nature. He further stated that 
a report was received from Boca Grande, Fla., that 2 of 18 acres of 
cowpeas had been destroyed by this pest. Mr. R. N. Wilson, of the 
Bureau of Entomology, who was instructed to investigate this 
infestation more fully, confirmed Mr. Dozier’s statement, young 
plants being injured by the larve bormg into and upward in the 
stems, while in older plants the stems were girdled at or slightly 
below the ground. The result in ‘both cases was that the injured 
plants wilted and died, although it was noted that in exceptional 
eases the plants, bemg vigorous, overcame the injury. Mr. Wilson 
further submitted a letter which had been received from Mr. Joseph 
Crews, farm demonstrator at Arcadia, Fla., stating that the ‘‘worms”’ 
injured cowpeas, Japanese cane, corn, and chufa. Cowpeas wera 
damaged to some extent in the stiff black soil, but more serious 
damage was done in the sandy soil. ‘This soil had all been well limed 
and heavily fertilized. Damage was done to Japanese cane planted 
in an old piece of land which was cleared years ago but had not been 
under cultivation for a number of years until the present. At least 
90 per cent of the crop was damaged and the crop Jost about 50 per 
cent in value. 

While the increasing number of records of damage by this insect 
in the last few years is due in part to the fact that injury by-it is more 
likely to be reported now than was the case years ago, it is also prob- 
able that the species is slowly modifying its habits to correspond 
with modern methods of agriculture and that, in the future, occasional 
outbreaks, perhaps more severe than any yet recorded, may be 
expected unless means are taken to check them in advance. 


DESCRIPTIONS." 
THE EGG. 


The egg (fig. 2) is ovate, circular in cross section, 0.67 mm. in length and 0.46 mm, - 
in diameter; greenish white when first deposited, pinkish in from 18 to 24 hours, 
an approximate Alizar crimson with a tinge of yellow at end of 
incubation period; strongly iridescent. Exochorion sculptured 
with shallow pits pentagonal to polygonal in outline. Endocho- 
rion apparently smooth. 


LARVAL INSTARS. 


First instar.—Length 1.7 mm. Head slightly bilobed, flattened, 
highly polished dark brown, width 0:23 mm., about as high as wide; 
clypeus triangular, 0.11mm. high. Paraclypeal pieces not percep- 
tible, region dusky; labrum pale, tips of mandibles reddish brown, 
not projecting; setz 0.11 mm. long; antennze pale, moderate. Cer- 
vical shield almost straight in front, much rounded behind, one 
not quite as wide as the head. Prespiracular tubercle bears 2 sete, the upper of the 
two being the shorter; subventrical tubercle also bears 2 sete, the cephalad one being 


corn stalk - borer: 
Egg. Greatly en- 
larged. ( Original.) 


1 Descriptions by senior author. Measurements of all stages made from alcoholic material. That given 
for the length of larva in stage 5 is alittle low on account of insufficient material on hand for a better 
average, 
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Fia. 1.—CORN INJURED BY THE LESSER _CoRN STALK-BORER IN A FIELD NEAR 
CoLumeiA, S. C., IN 1914. (ORIGINAL.) 


Fic. 2.—INJURY TO SORGHUM BY THE LESSER CoRN STALK-BORER NEAR 
CoLumBia, S. C., IN 1913. (ORIQINAL.) 


DAMAGE TO CORN AND SORGHUM BY THE LESSER CORN 
STALK-BORER (ELASMOPALPUS LIGNOSELLUS). 
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the shorter. Anal plate somewhat triangular, dusky. Body pale yellowish to yel- 
lowish green; posterior portion of each segment bright red to reddish brown on dor- 
sum; whole dorsum of joint 5 of this color. These areas are joined by faint stripes, 
some little distance apart, of the same color, giving the larva, a longitudinally striped 
as well as transversely banded appearance. Segments all slightly swollen, except 
last. Tubercles small; “iv-v” coalescent on joints 5-13, inclusive, below spiracle 
on joint 5, laterad and slightly cephalad of spiracle on joints 6-12, inclusive, directly 
laterad of “iii” injoint 13. Sete “iib” ofjomt3 and “iit” of joint 120.25 mm. long, 
about twice as long as others. Abdominal segments except terminal crossed trans- 
versely through the middle by shallow grooves on dorsum. Thoracic {feet pale, 
though somewhat dusky; abdominal prolegs all whitish. 

Second instar—Length 2.7mm. Head slightly bilobed, flattened, highly polished, 
blackish brown, width 0.29 mm., clypeus0.14mm. high. Cervical shield concolorous 
with head, 0.26 mm. in width. Anal plate dusky. Body pale yellowish; transverse 
bands and stripes adjoining as in preceding stage. Tubercles “‘iib” of joint 3 and 
“111” of joint 12 large, each supplied with a long seta as before; 
subprimaries present. Thoracic feet pale to dusky; abdom- 
inal prolegs same as venter of body, pale yellowish. 

Third instar.—Length 5.7 mm. Head as in second instar 
except trifle paler, width 0.44 mm., a little wider than high; 
clypeus 0.20 mm. high; labrum pale amber, mandibles dark 
amber, almost black at tips; antennez pale amber at tips, 
otherwise pale whitish. Cervical shield large, darker than 
head, the anterior border extending somewhat over the head 
lobes, wider than head, width 0.54 mm., length 0.30 mm., 
corneous, polished. Body pale greenish white to pale yel- 
lowish green; transverse bands and connecting stripes reddish 
brown to brown, sometimes only greenish white between the 
stripes; tapering posteriorly. Thoracic legs dusky; abdominal 
prolegs pale yellowish green, same as venter. 

Fourth instar.—Length 6.9 mm. Head slightly bilobed, 
polished dark brown, 0.61 mm., about two-thirds as high as 
wide; clypeus 0.25 mm. high; around base of spines pale. 
Cervical shield concolorous with head, width 0.89 mm., length 
0.45 mm. Prespiracular tubercle large, somewhat corneous, Fic. 3.—The lesser corn 
dusky; subventrical tubercle also dusky, normal. Body as = 8ta!k-borer: Larva. 
2 : . : Greatly enlarged. (Orig- 
in preceding stage except that venter is taking on deep green Sib) 
color; greenish white more conspicuous and breaking into the 
transverse bands, very deeply in some segments; stripes joining transverse bands 
wider than before. Thoracic legs and abdominal prolegs as before. 

Fifth instar —Length 8.8 mm. Head bilobed and polished as before, very dark 
brown black, width 0.89 mm., clypeus 0.32 mm. high, the paraclypeal pieces distinct, 
the sutures almost touching the beginning of the intersection point of the lobes on the 
vertex, whitish; labrum pale amber, mandibles amber, very dark at tips. Cervical 
shield darker than head, 1.02 mm. wide, 0.62 mm. long; on the meson is a pale stripe 
extending longitudinally from the posterior border to a point almost across the shield. 
Body as in preceding stage except that transverse bands are now'at a point of being 
broken up, giving way to pale yellowish white color of the dorsum, the dark color being 
now confined chiefly to the longitudinal stripes, now almost continuous over the body 
but very irregular; in some specimens there is a whitish patch, ellipsoidal in outline, 
on the dorsum of joints 3 and 4; venter tinged with pale reddish. Thoracic legs and 
abdominal prolegs as in preceding stage. 

Sixth instar.—Length 16.2 mm. (fig.3).. Head slightly bilobed, somewhat flattened, 
dark brownish black, highly polished, width1.11mm. Clypeus triangular, somewhat 
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pale in the upper angle, extending over two-thirds of height of head (0.43 mm.). 
Paraclypeal pieces prominent, sutures converging at the beginning of intersection 
point of head lobes on vertex; sete pale, stiff, pale around base; 
proximal parts of anténnze pale whitish, distal amber; labrum pale 
amber, width 0.32 mm.; mandibles dark red, black at tips. Cervical 
shield dark brown, width 1.49 mm., length 0.93 mm.; pale line on 
meson extending across the shield, coming to a point before; ex- 
tending over head to intersection of lobes. Body Nile green, pre- 
vailing color on the dorsum greenish white, which almost breaks 
up completely the dark brown transverse bands; longitudinal 
stripes conspicuous, dark brown, somewhat broken. 'Tubercles 
“Ga” and “ib” of joint 3 small, setze short, “‘iia” and ‘‘iib” small, 
seta long; ‘“‘ia” and ‘“‘ib” of joint 4, small, seta short, ‘‘iia” and 
“lib”? small, seta long, caudad of latter is dusky patch, somewhat 
polished; on joints 3 and 4 ‘‘i11” is caudo-laterad of “‘iib,” distant, 


“iv” is cephalad and slightly laterad of ‘‘iii,’”’ distant, ‘“‘v” 


Fic. 4.—The lesser cephalo-laterad of ‘‘iv,’’ well separated; ‘“‘iv-v” is coalescent on 
corn Sstalk-borer: 


aor ¢hanuleane joints 5 to 13, inclusive, arrangement as before; on joint 13 ‘‘vi” 

larged. (Original.) 1s near ‘‘v”; on joints 12 and 13 “‘ii” is much nearer meson than 

“7,”? on joint 11 “i” and ‘“‘ii” arranged in form of square. All 

segments slightly swollen except last two; transverse grooves prominent. Thoracic 
legs dusky; abdominal prolegs pale. 
PUPA. 

The pupa (fig. 4) when freshly formed is pale green, yellowish on abdominal seg- 
ments; later brown and just preceding emergence of adult uniform black; lustrous; 
delicate; length 8.1 mm., width 2mm. Spiracles ellipsoidal, prominent, except on 
joint 12, obsolete. Dorsum of terminal segment has slight elevation or hump which 
slopes abruptly posteriorly and forms the obtuse tip. Anterior portion of this eleva- 
tion corneous, rugose, and black. At tip is a row of six hooked spines arranged trans- 
versely, about 0.17 mm. in length. Tip of the male pupa is rounded, that of the 
female pupa irregular. Other sexual differencesin pupal stage shown in figure 5, a 
and b. Abdominal segments 1 to 7, inclusive, densely and finely pitted on dorsum, 
very abundant and scattered almost over whole surface of first four segments, scant 
and restricted to anterior border of last three. 


COCOON. 


The cocoon is cylindrical, compact, 15.9 mm. in length, and 5.9 mm. in diameter, 
oval in outline, frequently supplied with exit tube at an angle of about 145°; 23.9 to 
30 mm. in length and 4 mm. in diameter; lined 
throughout on inside very smoothly with silk 
and covered without with sand and dirt particles. 
(Pl. II, figs. 3 and 4.) 


ADULT.! 


Expanse 17-22 mm. Head brown to blackish. 
Labial palpi erect, not recurved; somewhat 
longer in the male than in the female and more 
slender, heavily scaled, lying close together on Fig. 5.—The lesser corn stalk-borer. 
the shining crest which is hollowed out for Comparison of terminal segments of 
them; somewhat clavate toward the tip, end Wale and female pups showing sexual 

ea Wert, aboulk colt hiatlt aie differences: a, Female; b,male. Greatly 
member very short, abou one-elg e middle; enlarged. (Original.) 
groove for the pale papillary tufts reaching 
almost to the apex and very deeply impressed. Basal segments pale gray outside, 
within bearing a longitudinal white stripe which broadens somewhat at the ena of 


- 


1 Compiled from descriptions of Zeller and Hulst by the junior author. 
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the second and beginning of the last segment. Maxillary palpi pencil-tufted. 
Proboscis long, strong, scaled. Ocelli present. Antennze brownish, simple, bent 
and expanded above the base, with a heavy tuft of scales in the bend in the male; 
in the female more slender and without the tuft. (Fig. 6.) 

Thorax ochre-brown to blackish. Legs brownish gray, darker on the outside; tarsal 
seements bright yellow. Forewings very narrow, much elongated, 8-9 mm. long; 
distal margin oblique, posterior margin waved; in male (fig. 6, a) ochre-brownish on 
posterior margin from base out, with a poorly defined median stripe of ochre-brownish 
reaching almost to distal margin; remainder of margin varying from a narrow edging 
of brown to a complete covering of wing with blackish to plumbago; disk yellow- 
ochreous to reddish; on subdorsal vein slightly before middle where posterior margin 
begins to darken lies a dense brown dot marking position of first transverse line; 
diagonally outwards above it upon median vein is a smaller dot and beyond a more 
prominent one on cross vein; both lie in the bright median space but close to yellowish- 
brown shading of anterior margin; distal margin marked by row of black confluent 
dots within which is indistinct grayish stripe dusted with whitish atoms; within this 
in the dark color of suriace appears beginning of second cross line very close to distal 


Fiq. 6.—The lesser corn stalk-borer: a, Male moth; 6, forewing of female moth. 
Greatly enlarged. (Original.) 


margin and most apparent on anterior margin; fringes brownish gray, beneath shining 
brownish gray; in the female (fig. 6, 6) markings are the same but generally darker 


_than in male; dot on the subdorsal vein enlarged but not prominent, dot on cross 


vein somewhat more distinct. Hind wings white, pellucid, somewhat grayish or 
brownish along anterior and distal margins and at apex shading back into the wing 
for a greater or less width; fringes whitish, brownish toward apex and bearing a faint 
yellowish line paralleling margin; beneath along anterior margin browner than above. 
Venation: Forewings, eleven veins, 4 and 5 separate, 10 separate; hind wings, 2 
more or less distant from angle, 4 and 5 stemmed, 6,7, and 8 stemmed, cell rather 
short. 

Abdomen yellowish to fuscous, darker in female; terminal tuft of male yellowish 
at the end and in the middle, gray laterally, darkening toward end; of female yellow- 
ish. Male genitalia: Uncus longer, more slender than usual in related genera, bifid 
at base; these parts arched; the spine long, harpes broad with long hairs along upper 
edge forming somewhat of an anal tuft; a strong bent spine at base; lower plate conical, 
within entrance a long, slender, bent spine; last segment of abdomen beneath with 
two tufts of hair. 
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SEASONAL HISTORY. 


OVIPOSITION. 


Eggs of this species have not been found in the field; but, judging 
from the results obtained from rearing, they are probably deposited 
on the stems of plants, in the axils of the leaves, or on the ground 
at or near the bases of the stalks. The larve upon hatching crawl 
to the stalks and begin feeding. 

In rearing cages, the eggs are deposited generally on the cheese- 
cloth which covers the lantern globe. Sometimes, however, they 
are deposited on bits of grass leaves or stems, pieces of cloth or other 
loose material placed in the bottom of the cage, on the stem of grass 
placed in the cage as food or, not at all infrequently, upon the cotton 
which holds the sprig of grass in place. Most of the eggs deposited on 
the cloth top are pushed through the mesh of the cloth by the female 
and are found on the upper side of the cloth, appearing as though 
they were deposited from without. Eggs are placed singly as a rule, 
though sometimes two or three en masse may be found glued securely 
together. In such cases they lose their individual rotundity and 
flatten out somewhat at points at attachment. A mucilagimous sub- 
stance secreted by the female, which hardens after exposure to the 
air, glues the eggs firmly to the object. 

The females begin to oviposit shortly after dusk and continue 
until the early hours of the morning. The majority of the eggs are 
deposited during the forepart of the night and it is probable that all 
of them are laid at this time under field conditions. No eggs are 
deposited during the day or in bright light at night. Oviposition 
will take place, however, in diffused light, although not as many 
eggs will be deposited as in total darkness. . 


EFFECT OF TEMPERATURE ON OVIPOSITION. 


Oviposition did not take place when the temperature fell much 
below 80° F. Two cages containing a number of females and males 
were kept under normal conditions; three others, also supplied with 
a number of moths of both sexes, were keptin a room the temperature 
of which rose to somewhere between 80 and 90° F. during the day and 
fell gradually, reaching approximately 80° F. by early evening and 
practically normal by morning, as the windows were kept open all 
night. Eggs were obtained in all the cages kept in the room, all 
of them being deposited during the early part of the evening. No 
eggs were obtained in the cages kept under normal conditions. 
The same type of cage was used in both cases, consisting of a flower- 
pot surmounted by an ordinary lantern globe, the top of which was 
closed with a bit of cheesecloth held in place by a rubber band. 
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female at Columbia, S. C., 1918. 


Deposited. 
Date. Number 
of eggs. 


Motaleae 


Hatched. 

Incu- 

bation 
Date. Number | period. 

of eggs. 

Days. 

50 3 

57 3 

40 3 

49 3 

36 3 

30 3 

26 4 

17 4 

7 4 

3 3 

0 pga ate Le 3.16 
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Tasie I.—Jncubation records of eggs of Elasmopalpus lignosellus obtained from one 


TABLE II.—Incubation period of eggs of Elasmopalpus pignesellis deposited during 1914 
and 1915 at Columbia, S. 


Deposited. Hatched. | 

; | 

Number Number 
Date. of eggs Date. of eggs. 
Aug. 31,10 p.m.toilp.m........ 1 elit > f Be Ht Paice ee DEM Be Fe 1 
ept. POLO TO, 160) ea ars Be 12 
Aug. 31, 11 p.m.tol2m-..........- 14 Sept. fe Fay ey nM I STON 2 
SOS dl, Wicd ws NS -cessaoreseeeeeecs 1 Rept & 3 au SHS AAR aa aE es one 1 
ept. POUND INU Sc) by vere Qersatlne 14 
Sept. 1, 12m......----------+-++--- 30 {pepe 6, te 50) 900 A hid eg eg A 16 
SCDi Oe Sipe Te eae mack eeeee sak 2 sepe ie ae 106 (an eee) Se ee ee 2 
yes WAP MO os ily eee ee eRe eee 21 
Sept. 9, 8p.m.to10p.m-........-. 23 {Sept 12, HORROR accion Gollan 2 
Hepes 2a Oona ys 66) Sept iG porary sere eee a 66 
ROD Deeeseteeeeesocsceevcoses ae LOTR RISTS Su Rese otc emecaMe eae ee Be eats il 
SID Cl Cie cals SONY Eien 36): SEDUNS aa ee eee PERE fe oa een 36 
SOA TO So. 38 fg ae eae Ce eae eee & Dahil DED Ua oieeee rae sets seme oa eae ae 53 
SOoibs BA 3e6 eee ss Aes es ae eat 24) Sep teiS See we roen oly Le wo. 24 
BUUIT OVO ere mter se ates Sayers eiettee ety: iK\\ SUNCrA Ge eee: kc eel ee ue ase 27 


Hours. 
116-117 
116. 5-117. 5 
128. 5-129. 5 

110 


WoW ee 


14 
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LENGTH OF INCUBATION PERIOD. 


From Tables I and II it will be seen that the egg stage varies from 
three days in the summer time to five days in early fall, being influ- 
enced greatly by temperature conditions. In late fall, eggs were 
obtained that required from six to eight days to hatch. 


Taste III.—Number of eggs deposited by female of Elasmopalpus lignosellus in 
1 day and during life, at Columbia, S. C., 1915. 


Cage 15-1112. Cage 15-1113. Cage 15-1114. 
Paae sere Number || Date of ovipo- | Number |} Date of ovipo- | Number 

Date of oviposition. | of eggs. sition. of eggs. sition, of eggs. 
June 15 73 25 Ag Oli ache 15 
June 16 11 36 Septal j-th. 31 
June 17 73 11 Sept. 2-3..... 38 
June 19 61 5 Sept. 4-5..... 19 
June 21.. 27 9 Sept. (?)....-. 60 
June 22.. 39 7 Sept. 9 22 
June 23.. 27 20 Sept. 10 3 
June 24.. 15 Sept. 11 3 
June 25-. 6 12 Hep, leneeeee 1 
June 26 4 
June 28 6 

Totaleeeccce sv ssiene Bae Wc esciececnen jae 1S4- |hokcosteneienerett 192 

Average per day...| 24.43 ||...............- CDirallSdeeske eee (?) 

Cage 15-1115. Cage 15-1116. Cage 15-1117. 
ae Las Number || Date of ovipo- | Number || Date of ovipo- | Number 

Date of oviposition. | of eggs, sition. of eggs. sition. of eggs. 
Septs deco oo fe cena cee 53 Sept. 822s... 56 Se@ptqloneeeee 24 
Sept. 11 56 Sept. 9 35 Sept: 14222222 55 
Sept. 12 38 Sept. 10 34 Sept. 15...... 12 
Sept. 13 34 Sept. 11 33 
Sept. 14 1 Sept. 12...... 28 
Sept. 15 9 Sept. 14...... 8 
Sei lOsesesee esse aoe 2 
Sepihseerseasch eae 4 

Rotaly sek -eeeeee 197 lo. ctmeeeacteeee ce 194 THe ciarsas at astotee 91 

Average per day...| 24.63 |/........-...---- 74 fra Wet | eee ee ek 30. 30 


NUMBER OF EGGS DEPOSITED BY ONE INDIVIDUAL. 


The number of eggs deposited by one individual under laboratory 
conditions varies (as will be seen by referring to Table III) from 91 to 
342, with an average of 190. The small number deposited in Cage 
15-1117 was probably due to premature death of the female. 

The number of eggs deposited by one individual in any one day 
varies from 1 to 73. The daily average computed from the daily 
average of the four cages in Table III is about 26.77 eggs. 

In two other experiments conducted in July, 1914, 188 eggs were 
obtained in one cage and 311 eggs in the other, 
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PROCESS OF HATCHING. 


Shortly before the larva is ready to emerge it can be seen very 
distinctly through the semitransparent shell. The brown-black 
head and the pinkish markings on the segments especially are con- 
spicuous. The larva occupies a curled position inside of the shell, 
with its head resting on the ultimate and penultimate segments of 
the body. Just preceding emergence a wavelike rhythmic motion 
is seen, starting at the head and continuing from segment to segment 
slowly to the end of the body, after which the larva moves its head 
about and with its mandibles makes an incision large enough for it 
to pass through. This takes about five minutes. The larva then 
usually rests a few minutes, after which it begins to draw itself out 
of the shell. 


NUMBER AND LENGTH OF INSTARS AND LENGTH OF LARVAL LIFE. 


The number of instars and their iength, as well as the total length 
of the larval life, are extremely variable, as will be noted by referring 
to TablesTV,V,and VI. These variations are due in part to differences 
of temperature. During the summer months the larve may molt 
four or five times and in fall five or six, making from five to six instars 
for the former and six to seven for the latter. The seventh instar in 
such instance resembles the sixth in color pattern and size. The 
second instar and sometimes the third is somewhat longer than 
the first during the summer months. In fall, however, the first instar / 
is longer than any of the others, except the last one, or the one just 
preceding pupation, which is generally also the longest during the 
summer months. 

The length of the life of the larva is somewhat dependent upon the 
number of instars. The larger the number of instars the larva under- 
goes, the longer the period it will take in reaching maturity, as is 
brought out by comparing the averages of the instars in Tables 
IV, V, and VI. In Table IV the larvez having five instars reached 
maturity in 374.5 hours, while those having six mstars reached 
maturity in 406.33 hours. In Table V those having five instars 
reached maturity in 397 hours, as compared to 453 hours for the 
six-instar larve. In Table VI the six-instar larve required 842 hours 
while the seven-instar larve required 906 hours to reach maturity. 

The larvee may reach maturity in the short period of 13.8 days, but 
generally in about 16.8+ days, during the summer months. How- 
ever, one larva required as many as 20.8+ days to reach maturity. 
In fall, when temperatures are low, this period is considerably 
lengthened, varying from a minimum of 22.0+ to a maximum of 41.6 
days. : 


16 BULLETIN 539, U. S. DEPARTMENT OF AGRICULTURE. 


Taste I1V.—Number of instars, their length, and length of larval life of Elasmopalpus 
lignosellus during the months of June and July, 1914, at Columbia, S. C. 


5 . . . Length 
= First Second Third Fourth Fifth Sixth 

Number of tube. | instar. | instar. | instar. | instar. | instar. | instar. offeswel 
Hours Hours Hours Hours. Hours Hours Hours. 

1 Rae eee eae 5 60 48 96 i ie: | eae 404 
p18 eee 1 wd 22 oS 44 36 48 60 NEAT oS lee 332 
pee AC 44 36 60 48 U4 144 404 
arcu f L 44 36 48 60 84 144 416 
fp Se eae 44 36 48 60 48 172 408 
Gas. Sea ALEC 56 60 48 72 PAG IP BA RL), ee 408 
Tes bee sk ee 44 36 48 84 Ad: 8) Beas seat Pe 356 
tess SRR Ee Bae Et 44 36 60 72 84 108 404 

Qe ssl eae Soe oee = 44 36 48 84 72 120 404 | 

1G. 32 £585. ess. S 44 36 48 60 84 132 404 
1b Ee ae see 44 48 36 60 72 144 404 
OSS: tI 44 48 36 60 84 156 428 
\ 5 ee eae 44 48 36 60 84 156 428 
1). eS ane core 44 36 48 60 48 120 356 
Pes Pees ees 44 36 60 72 MAGN occcarege 356 
WGsese 2 sS2sse235- 44 36 60 72 P20) Nee Se eae 332 
Mioest fae ede Se 44 36 48 60 84 144 416 
1 Pe eR Senn cic 44 36 60 72 72 120 404 
19 ee eo eer 56 48 84 84 TSO) oS sens 452 
Dee SR 44 36 48 84 4g! wi) eee Ae 356 
Average. .-.--- 45.8 40.8 50.5 69 104 138.3 393.6 


TazsLe V.—Number of instars, their length, and length of larval life of Elasmopalpus 
lignosellus, during the month of August, 1915, at Columbia, S. C. 


First | Second | Third | Fourth | Fifth | sixth | Vength 
instar. instar. instar. instar. instar. instar. life. 


Number of tube. 


Lp WiOsstee ceea tes 69 72 72 48 72 96 429 
W571 6 22252 scans 69 72 72 48 72 120 453 
Ve eUiletece = we cee 69 60 60 72 72 120 453 
15-786 2220s 325) 69 72 48 72 24 168 453 
LS-[B8 ccosnecuaes 81 60 72 72 120) bes aoeese 405 
15-700 e352 69 60 60 72 120° | Sas eae 381 
15-191 2222522220. 69 72 48 72 72 144 477 
5795s cee ret S 93 60 60 72 L200} |h «22ers se 405 
U1 9 cwocae we 69 72 48 72 120) ce ee mamee 381 
55-9253... a2 ean aeee 69 48 48 72 120 yi"... 3848 See 357 
f 15-926 vases Sects ce 81 48 60 72 LOS a ie seeeeee 429 
A502 (os 5 sees A 69 48 48 72 JAAN Woe foe 381 
15-920: «25 eae 69 48 72 72 1200 We eae 3 381 
LH-O8S sess - Rees. 81 60 48 72 240. i aceele 501 
Average......- 66 59.6 58.6 69 115.8 127.6 413.5 


Taste VI.—Number of instars, their length, and lenath of larval life of Elasmopalpus 
lignosellus, during the months of September and October, 1914, at Columbia, S. C. 


Number of First | Second | Third | Fourth | Fifth | Sixth | Seventh | Length 


tube. instar. instar. instar. instar. instar. instar. instar. of ie 

Hours Hours Hours Hours Hours. Hours Hours Hours 
ee 55, ae 7 108 156 120 108 144 927 
7 ae SE BS ie 153 84 72 96 192 120 168 885 
Soaeseee coe ere 165 108 204 132 48 144 ce eect 799 
Pe EM Seb Paci 165 84 252 96 72 288): jcc Setenwee 957 
Pacey rains ols aren 117 156 108 84 84 258" | |siewaniettetee 837 
Crees AB cteuesse 129 120 144 72 96 216) {beat sees Ti7 


Average.....] 156.3 104 | 148 106 102 194 156 | 863.7 
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DURATION OF THE MOLTING PERIOD. 


During the summer months the time required for the larve to molt 


varies from 12 to 24 hours in all the instars and during the fall from 


12 to 26 hours and sometimes 48 hours. The majority of the larvee 
in fall require only 24 hours. Generally a longer time is required in 
the last instars than in the first ones. 


DESCRIPTION OF ECDYSIS. 


The larva when about to cast its skin becomes pale, sluggish, and 
usually remains motionless in tunnel or tube unless disturbed, and 
even then it is not as active as normally. The first real indication 
that molting has commenced is the appearance of a pale whitish 
patch in the region of the neck. This patch is the outer conjunctival | 
layer which, having been loosened, is being unfolded to accommodate 
the growing larva. This patch becomes more and more evident as 
molting progresses. The eyes at this time can be seen through the 
semitransparent conjunctival layer, appearing a little distance back 
of the head mask. The outer layer of the cuticle, having been loos- 
ened throughout, ruptures immediately back of the head mask, 
first on the venter, then rapidly extending laterally and dorsally. 
The larva with wavelike rhythmic motions gradually draws itself out 
of the old cuticular layer. Just at the point when the last joint is 
being extricated the larva bears down with the head and frees itself 
from the mask. 

FEEDING HABITS OF THE LARVA. 

The larva of the species, as its common name would indicate, has 
2 habit of boring or tunneling into the stems of growing plants (PI. 
III, fig. 3) and feeding within. This manner of feeding is especially 
characteristic where young corn and sorghum plants are attacked. 
The larve in such cases tunnel into the stalks at or slightly below 
the surface of the ground, through and sometimes up the heart for 
a distance varying from 1 to 2 inches. The bud leaves of such af- 
fected plants die, having been severed from the main plant; Plate 
III, figure 2, shows the appearance of such a plant. The bud leaves 
dry up and wither away. Some of the plants may survive, but 
such plants remain in a dwarfed condition or become deformed and 
one sided. 

Injury to corn in this manner resembles closely the work of the 
southern corn rootworm (Diabrotica 12-punctata Oliv.); however, 
HE. lignosellus is an upland species, being found only in the driest 
of soils, while the corn rootworm breeds generally in the moist 
lowlands. 

In older corn and sorgnum, as well as in cowpeas, the damage con- 
sists primarily in the girdling of the stems at or slightly below the 
surface of the ground, but the larve aise tunnel into the stems, 


18 BULLETIN 539, U. S. DEPARTMENT OF AGRICULTURE. 


thereby weakening them to such an extent that very little pressure 
is required to break them off, and frequently infested plants break 
off at this point when attempts are made to pull them up. 

Cowpea plants have been found almost completely cut in two, at 
a point near or slightly below the surface of the ground, by the 
larve girdling the stem, while in other cases the larvae were found 
tunneling into the stems as in the case of corn and sorghum.! 

It is seldom that larvee are found in the tunnels of the plants upon 
which they feed, but more often in specially constructed tubes which 
lead away from the entrance to the tunnel in the stalk, lymg even 
with or slightly beneath the surface of the ground or sometimes 
curved around the stems. Plate II, figures 1 and 2, shows the tubes 
attached to the stems at the entrance to tunnels. These tubes are 
often 2 inches or more in length and have a number of side galleries 
or chambers (PI. III, fig. 1). They are composed of particles of 
sand and dried excrement of the larve spun together with silk. 
They are generally rather delicate and fall to pieces unless handled 
with great care. The larve apparently use these tubes as a means 
of retreat when disturbed while feeding. 

In young corn and sorghum not more than two larve have been 
found feeding on one plant, each from within a separate tube, and 
in cowpea plants never more than one. In older corn and sorghum 
as many as 6 larve have been found feeding at one time on the same 
plant and 13 cocoons taken from the surrounding soil. Dr. Forbes 
(24) reports that as many as 13 larve have been found feeding on a 
single corn piant. 

In our rearing cages larve were fed cowpea leaves in test tubes 
and jelly glasess. During the first and second instars the Jarve 
have a habit of partially skeletonizing the leaves, devourmg the 
epidermis of one side and the mesophyll, leaving the epidermis of 
the other side intact. They construct on the leaf delicate tubelike 
coverings made up of dried excrement spun with silk and feed from 
under this covering. After the second instar the larve begin to 
eat the leaves, perforating them and devouring all except the mid- 
veins. They persist in skeletonizing the leaves even when almost 
mature, and this is especially noticeable when given leaves that are 
somewhat tough or whose tissues have hardened. The boring habit 
(Pl. ILI, fig. 3), so characteristic of the work of the larve in stalks, 
was demonstrated even while the larvee were feeding upon leaves, the 
larve even in their earlier stages boring into the larger veins of the 
leaves and petioles and constructing tubes leading away from the 
entrance to the tunnel. This habit was discontinued in the last stages, 
the larvee feeding as do those of most Lepidoptera. 


1 Dr. Chittenden (22) makes mention of this method of feeding and illustrates it with a figure. 


THE LESSER CORN STALK-BORER. 19 
ACTIVITY OF THE LARVA. 


The larve of this species, while very active, even when quite young, 
are much more so as they become older. They have a habit, when 
disturbed, of skipping and jumping about, an acrobatic feat which 
lasts from one to four seconds, during which time they go through all 
kinds of contortions, frequently throwmg themselves clear of the 
surface upon which they have been placed. Just how this is accom- 
plished is not definitely known, as it is done almost too quickly for 
the eye to follow. However, they appear to bear down with the 
head and posterior end of the body at the same time, with such force 
that the impact throws them into the air. On account of this skip- 
ping habit the larve are frequently but erroneously termed 
“skippers.” 

That the larve are resistant to rough treatment is indicated by the 
following ordeal through which one was put by the junior author in 
an effort to photograph it. It was chloroformed for 15 minutes and, 
bemg then still somewhat active, was put into 80 per. cent alcohol 
for 15 minutes more. The next morning it had revived and, except 
for a loss in the brillancy of its coloring due perhaps to its enforced 
fast, was as active as before. 

The larvee in all stages spin a silken thread wherever they go, and 
the younger ones readily suspend themselves by it. 


LENGTH OF PUPAL STAGE. 


The length of the pupal stage varies considerably, .as will be seen 
from Table VII, temperature conditions having a great effect upon the 
length of this stage. This stage varies from 7 to 11 days in July, from 
7 to 10 days in August, from 8 to 18 days in September and October, 
and from 19 to 21 days in October and November. The general 
average from the records of Table VII is 10.16 +days. 

It should be stated that the records obtained during the fall of the 
year are approximate, as it has been found that the larve, upon 
entering the pupation tubes, sometimes do not transform immediately. 
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Taste VII.—Length of pupal stage of Elasmopalpus lignosellus. Records obtained 
at Columbia, S. C., in 1915. 


Date of— 
Number paar Dw 
of indi- Days. Sex. 
viduals, Pupa- Emer- 
tion. gence. 
1913. 1913. 
1 | Sept. 29 | Oct. 16 1? ooeeses Male. 
1 | Sept. 30 |.-.do.... 16 | Female.... 
1914, 1914. 
2| July 8| July 17 Otek Oseeeee Do. 
1| July 9/]..-.do. Si]. OL e Nee 
1 |.-.do July 15 TT ee aaecd 
1 |...do....| July 20 1h I epee 
4) Tutlliys Wee edoree. 9 | 2 females.-| 1 male. 
1 | July 12 |...do 8 | Female... 
1} July 13 | July 21 Cal ney ah ee 
Wi ea-alsa sa) ely 20 VA Soctot ssa 
1915, 1915. 
1 | Aug. 16 ug. 25 Oi saaceeiecene Male 
1 | Aug. 17 |---do-2 8 | Female.. 
1 | Aug. 18} Aug. 27 Quills cease Do 
1 do... ug. 28 LOY) -2e eee meee Do 
1) Ate =220)|222do-55- 8 | Female 
1 o....| Aug. 30 LOM ee aeee eee Do. 
1 | Aug. 21 | Aug. 28 Till pees Do 
1 o....| Aug. 29 Sie e eat Do 
1 do....| Aug. 30 Ql Jeans Do 
1 do....} Aug. 31 10 Eee eee Do 
2| Aug. 23 donee 8 | Female.. Do. 
3 | Aug. 29 | Sept. 6 8 | 2 females..| 1 male. 
1 do.-..| Sept. 7 9 | Female.... 
1 do....| Sept. 9 LD at Shee Male. 
1 | Aug. 30 | Sept. 7 8 | Female 
1 | Sept. 24 | Oct. 4 OD eR S88 2 Do. 
1} Sept. 25 | Oct. 6 DD le eee Do. 
1 Ope Ocin 49 14 | Female 
1 | Sept. 27} Oct. 7 10) bose eee Do. 
1} Sept. 28! Oct. 6 Sareea ee ees Do. 
1 oe Oct. 7 CF ae oes Do. 
2 do....| Oct. 9 11 | Female Do. 
1 doze es ,Octy 12 14 dOsseeee 
1 do....| Oct. 14 16) |2--doseeeee 
1 Goes |sOctauto Vip OLna ane 
1 | Sept. 29 |...do.... Loy p-edoleaees 
1 | Sept. 30 | Oct. 16 16) s-dOeee eee 
2) Oct. 1/|-.-do 15 dossenae Do. 
1} Oct. 41] Oct. 18 14 Gozseere Do 
1 Oct. 6 do.... 12 Goetiecee 
1} Oct. 7] Oct. 19 12 Goteesee 
ee edones |. Oct 20 13 doles 
1 do Oct. 23 16 Gotesees 
1 do Oct. 25 18 doves 
1 do. Oct. 28 21 On eenae 
1} Oct. 13] Nov. 1 TOs eee Foye ele Do 
1 0....| Nov. 8 26 | Female 
1 | Oct. 18 Gorter ZAM lasers Oseye te 
2} Oct. 20] Nov. 10 21 | 2 females. . 
DON esc cietsis, 2 ai[isia tore etna 10. 16+ 


Average length of pupal stage, 10.16+ days. 
Maximum length of pupal stage, 21 days. 
Minimum length of pupal stage, 7 days. 
MATING. 

Moths of this species usually mate the second day after emergence 
from pupee in the summer time, and in the fall this period issomewhat 
lengthened. Mating probably takes place at night, although the 
moths have never been seen in coitu. A pair were found in copula 
in a cage in the morning and upon examination it was discovered 
that they were unable to disconnect themselves. 
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FEEDING TUBES AND COCOONS OF THE LESSER CORN STALK-BORER. 


Fies. 1, 2.—Feeding tubes attached at entrance to tunnels, at base of sorghum stalks. Fic. 3.— 
Cocoon opened, showing pupa in situ. Fic. 4.—Cocoons, with and without exit tubes. (Orig- 
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DAMAGE TO SORGHUM BY THE LESSER CORN STALK-BORER. 


Fic. 1.—The many-branched feeding tube attached at entrance to tunnel, at base of sorghum 
stalk. Fic. 2.—Sorghum severely damaged by stalk-borers, as shown by the dead bud leaves. 
Fic. 3.—Stem sectioned to show the borer tunnel within. (Original.) 
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ACTIVITY OF THE MOTHS. 


The moths are very active during the night. They are positively 
phototrophic to bright light and even react positively to diffused 
light. This probably accounts for the fact that copulation and 
oviposition were not observed, for as soon as cages were placed in 
light sufficient for observation the moths became restless and began 
to roam around in the cages. 


LENGTH OF LIFE OF ADULTS. 


The length of life of the adults of this species varied from five to 
eighteen days in the rearing cages, as is shown in Table VIII. The 
average duration of this period is approximately the same in both 
sexes. Adult moths confined in cages and supplied with food 
(sugar sirup) lived longer than when deprived of it. 


Tasie VIII.—Length of life of moths of Elasmopalpus lignosellus, at Columbia, 8. C. 


Male. Female. 

No. Emerged.| Died. Days. No. Emerged:| Died. Days. 
Maryan Ne cetsteieieace June 15| July 3 18 Te SH OCOE Cec June 15| July 3 18 
Disheeei shel tateieiicrets uly 17 | July 27 10 Doi eas ia uly 17] July 27 10 
See easiest July 17} July 27 10 Se cs July 17| July 28 11 
fe a eee ge July 19] July 28 9 Arie BENE NS aie 2 ug. 22 | Sept. 9 18 
Ei a eee ee ug. 30 | Sept. 13 14 BAe seers Mica Aug. 30 | Sept. 13 14 
(Beale de sealed Aug. 30 | Sept. 16 17 Geeeen een ell Aug. 30 | Sept. 12 13 
TE yet ately bib ote 2 July 17} July 24 7 Lie oS ua se Stee Sept. 10 | Sept. 15 5 

PASTIOTA SOs tiles § atarsisreleic (ica tinre Sy velele 12.1 VAN CLACC ayy palsisicte 32)4l[aixer seen 12.7 
POLYGAMY. 


Experiments were conducted to ascertain whether polygamy 
exists among the moths of this species. The moths that were used — 
in these experiments emerged from pupe which had been placed in 
individual tin boxes, and there was absolutely no chance of their 
having mated upon issuing, before being placed in the rearing cages.' 

The male, after the death of the female (Cage 15-1113) with whom he 
had mated and from whom 134 eggs were obtained, was placed with 
a freshly issued female (Cage 15-1117). From this female 91 eggs 
were obtained. All of the eggs that were obtained in both of these 
cages were fertile. 

In another cage, the male, which had mated with a female (Cage 
15-1114) and from whom 192 fertile eggs resulted, was placed 
(Cage 15-1116) with a virgin female. From this female 194 fertile 
egos were obtained. 


1 All of these cages are recorded in Table IIT. 
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The lite cycles of the generations (Table IX) during summer are 
considerably shorter than those of the fall of the year and possibly 
shorter than that of the spring generation. The spring generation 
has not been reared but probably has about the same cycle as the 
fall generation. They are about as follows: 


TaBLE X.—Duration of the spring and fall generations of Elasmopalpus lignosellus 
at Columbia, S. C. 


Summer Fall 


Period or stage. broods broods 


Days. Days. 
Time elapsing between emergence and oviposition..........-.....--------------+---- 2 2.5 
Higg Stage. -:o oe. Scere nce ee cinta ain em pls = ie laje Sa ai binle el nie wins ere ae ee 3.5 5.6 
Larval stage «2 2 <n peau Pek -Peaol asd Soe ee es ee 24 36 
Pupal stage... 22 sa sek ees Se se be cetas ds shines 2 22g ice ese eee eee eee eee 9 21 
Totaln. cbs d- 55s cies ecas spake snshecesnste etek eae eee bee ee eee eee 38.5 64.6 


By comparing the two cycles it will be noticed that the time 
required for the insect to pass through the cycle during the summer 
months is only about 6.2 days more than one-half of the time required 
in the fall of the year. 


NUMBER OF GENERATIONS. 


There are probably four generations of this species in the latitude 
of Columbia, S. C., although it has not been reared continuously for 
one whole year to verify this. However, three complete generations 
were reared from the middle of June to the middle of October in 1913. 

Some of the pupz of the last generation gave rise to moths, while 
the remainder died during the winter. Some of the larve of, this 
last generation, not pupating in the fall, died also during the winter, 
apparently from the lack of suitable food and from being kept under 
abnormal conditions. Otherwise they possibly would have com- 
pleted their growth, pupated, and given rise to moths early in the fol- 
lowing spring (1914). 

Our collection in the spring of 1915 would seem to substantiate 
this. Larve nearly full grown were found for the first time on corn 
in the field during the first week in June, thus rendering it probable 
that the eggs producing these larve were placed when the corn was 
up, by the moths issuing from pupe in the early spring, as the field 
in which they were found was winter plowed and freed from rubbish 
and grass, making it impossible for these larve to have wintered * 
over under these conditions. 
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WINTERING. 


In the latitude of Columbia, S. C., this species apparently passes 
the first part of the winter as a larva and the latter part as a pupa 
and possibly adult, although it has not been possible to verify this 
absolutely by rearing experiments. 

Larve have been found in the field, in their burrows in the stalks, 
as late as the middle of November, after which time none could be 
found. Repeated efforts were made at various times during winter 
to find pupz, and one cocoon containing a pupa was found in January 
which, unfortunately, died. This pupa probably would have changed 
early in the spring to an adult. 

According to the experiments of the writers in 1915, larve pupating 
in the fall did not winter as such but gave rise to moths in early 
winter. These moths died within a short time, which circumstance 
would seem to indicate that this species does not winter in the adult 
stage. Larve have been kept alive in rearing cages under outdoor 
conditions up to January, at which time they died, apparently from 
being kept in closed receptacles, which was very favorable for the 
development of a fungus which killed them. 

In Arizona the species probably passes the winter in the larval 
stage, judging from the fact that larvee in all sizes were found as 
late as November 3 at Tempe, Ariz. 


REARING METHODS. 


In rearing the larve of this species a number of different types of 
cages were used, such as the ordinary ‘‘pot cage’? surmounted by a 
lantern chimney covered with cheesecloth, or with a celluloid cylin- 
der covered with cheesecloth. None of these types of cages gave 
complete satisfaction, for the reason that they could not be made 
tight enough and the larve, being very restless, are ever on the 
alert to find an opening through which they may escape. 

Tin salve boxes and the ordinary low-type jelly glass with tin 
cover proved the most satisfactory of all cages. In rearing these 
larvee, a small quantity of sand was placed in the bottom of each 
and kept moistened. These containers were kept supplied with 
fresh cowpea leaves and a number of larve were reared in each 
receptacle. 

To obtain eggs, a cage, consisting of a 6-inch flowerpot saucer, 
lantern chimney covered with cheesecloth, and a bottle containing a 
small sorghum plant, in water, was employed with success. 

In making a study of the different instars, small test tubes, used 
in bacteriological experiments, were found to be the most practical, 
on account of the convenient size and also because observations could 
be made without removing specimens. 
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NATURAL ENEMIES. 


According to observations, the lesser corn stalk-borer apparently 
suffers very little from natural enemies. This condition is undoubt- 
edly a result of the excellent protection afforded the larve at all 
times, both while feeding in their burrows and while resting in their 
tubes. One parasite, a hymenopteron, determined as Neopristomerus 
sp., has been reared in the laboratory at Columbia, S.C. This para- 
site emerged September 1, 1914, from a larva collected at Colum- 
bia, S. C. 

Another parasite was reared by R. N. Wilson at Gainesville, Fla., 
September 11, 1916, which was determined by Mr. A. B. Gahan as 
Orgilus laevwentris Cress. Mr. Gahan believes it probable that the 
parasite of Elasmopalpus lignosellus recorded by Chittenden (18) as 
Orgilus mellipes Say was in reality laeviventris. 


METHODS OF CONTROL. 


The ravages of this insect can be reduced markedly if not entirely 
controlled by progressive methods of farming. Infested fields should 
be plowed very late in fall or early winter, after they have been freed 
from all remnants and waste material. The borders and terraces of 
the field should be gone over with a harrow to stir up the ground. 
This breaks up the winter quarters of pupz and causes them to 
perish. 

The practice of cleaning up and working these waste places is not 
only an excellent one for the eradication of this species but also 
contributes to the destruction of many other noxious insects that 
chance to be hibernating therein; and as usually very little attention 
is given to the practice of clean cultural methods and the cleaning up 
of such waste places, the importance of such methods can not be 
overemphasized. 

In regions where this insect remains more or less active throughout 
the winter, it is advisable to plow out and destroy the infested stubble 
in case of corn, sorghum, etc. In all other cases fall plowmg and 
thorough working of the ground are to be recommended. 

It is also of great importance that the sandy areas of the fields be 
made as rich as possible. A thorough application of fertilizer should 
be made in order to stimulate plant growth and make the ae 
more resistant to the attacks of this insect. 

Where it is necessary to plant corn, sorghum, and allied crops in 
fields subject to infestation, it is advisable to make such plantings as 
early in the season as possible, thus enabling the plants to get a 
good start before the insect begins its depredations. 
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SOUTHERN AGRICULTURAL SCHOOLS.' 
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INTRODUCTION. 


This bulletin outlines a course of study in home economics for 
southern high schools. It emphasizes the connection between such 
instruction and actual home experience and the danger arising 
from formal methods of presentation. It calls attention to under- 
lying general principles and applies them in a typical course of 
study, which, while based on southern conditions, is applicable in 
other communities. . 

The aim of any course in home economics is to make the girl a 
better home maker. By teaching her how to do, and the reasons 
why, and as well by giving insight into the fundamental importance 
of home making such instruction transforms housework from 
drudgery into an honored profession. In the average home two 
industries stand out—sewing and cooking—and there has been a 
tendency to limit home economics instruction to them. If inter- 
preted broadly to include their economic and hygienic relations, 
cooking and sewing do furnish the basis of a well-rounded course; 
but they should be supplemented by other subjects necessary for the 
home maker. Knowledge of the homes of her community will best 
assure to the teacher suitable subject matter and connect the school 
work with home duties. 

1 This bulletin has been prepared in cooperation between the author and C. H. Lane, Chief Specialist in 
Agricultural Education, as well as specialists of the Office of Home Economics, States Relations Service. 


It is designed to aid teachers in presenting a course of study in home economics which will connect such 
instruction and actual home experiences. 
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The principles involved in the lessons set forth in this publica- 
tion are fundamental. However, it has been the purpose of the 
author to present those which have a direct bearing on southern 
home life. To secure the best results with this work teachers should 
make a special effort to adapt the lesson topics to the conditions 
found in the homes of the pupils. The first and most important step 
in this direction is for the teacher to make a close study of the com- 
munity conditions, and so to direct the application of the principles 
given in the lessons as to meet the needs and to improve upon the 
conditions. Let the teachers keep in mind that communities as 
well as sections vary as to. home-making problems and that a thor- 
ough knowledge of the conditions in each instance is necessary to 
enable the teachers to render the best service. 

A complete course in home economics would include the following 
subjects: 

1. Food: 
(1) Selection (home-grown and purchased food). 

(2) Preparation. 

(3) Planning and serving of meals. 
2. Shelter: 

(1) House sanitation. 

(2) Planning of house. 

(3) Decoration and furnishing of the house. 

(4) Care of the house 
2. Clothing: 

(1) Selection. 

(2) Making. 

(3) Keeping in repair. 

(4) Laundry work. 
4. Care and training of children: 

(1) Care of a baby. 

(2) Problems of a young child. 

(3) Amusements for children. 
5. Hygiene and sanitation: 

(1) Definition of health. 

(2) Definition and classification of diseases. 

(3) Means of preserving health. 
6. Home care of the sick. 
7. Household management, including systemization of housework, expenses, 

accounts. 

8. Training for the enjoyment of leisure time. 


Many of the high schools of the South which teach agriculture 
and home economics are located in the open country and have 
dormitories for housing the students, which provide opportunities 
for practical instruction in home economics comparable to those — 
furnished by the school farms for practical instruction in agriculture. — 
Often much of the food material is raised by the boys on the school — 
farm and much of the household work is done by the girls, thus — 


1See Syllabus of Home Economics, American Home Economics Association, Baltimore, Md. 
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reducing the expenses of each student to as low as $5 to $6 a month 
in some schools. In such cases the students may work one to two 
hours daily, or self-supporting students may do extra work beyond 
the stated requirement at so much per hour. This practical work 
serves both to introduce the problems in agriculture and home 
economics which are the basis of work in the classroom and furnishes 
the field for their practical application. The daily routine in house- 
work, unless it is supervised, however, is of no educational value; 
it should be considered a part of the girls’ laboratory work and 
organized accordingly. 

Methods of teaching.—Early home economics, which was practical 
cooking taught by definite recipes copied and followed by the stu- 
dents, was soon modified both in the direction of ‘‘culture” by 
adding informational material from geography, history, and nature 
study, and in the direction of ‘‘science”’ by teaching applied chem- 
istry and physics, i.e., the principles of these sciences with illustra- 
tions drawn from the household. The latter plan really teaches 
these sciences, however, and not home economics itself. It is now 
recognized that home economics consists of a definite body of princi- 
ples, which are best taught as a self-constituted science, i. e., as an - 
organized body of specific facts and principles, rather than as an 
application of other sciences. The relation of the material to the 
needs of the girls is in this way more definite and the approach of 
the subject through the girls’ own home experiences is more direct, 
and the facts learned are better correlated with the needs of every- 
day life. Using as the basis of the course, therefore, the principles 
of home economics themselves, the teacher can by proper choice of 
problems teach the child those facts which are likely to be useful 
to her, presenting them in the order of their increasing difficulty. 

The next matter, that of determiing the method by which these 
problems are to be solved, or the presentation of the individual 
lesson, is the point at which teachers of home economics are most 
likely to fail. 

How not to teach is well illustrated by a lesson actually observed. 
The problem was the freezing of water ice. How was it developed ? 
As a first step which removed the necessity for any reasoning on 
the part of the students, the complete directions were dictated, and 
each girl took them down verbatim. No opportunity was given to 
the students in working out this problem to formulate any principles 
which could be applied to the making of water ices in general. Next 
the work was parceled out and each girl was given one step in the 
process, no one having a chance to follow the whole process through. 
The amount of lemon juice and sugar was arbitrarily stated. The 
students were not told that the amount of sugar should vary with 
the acidity of the fruit they used, nor were they allowed to find 


. 
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this out for themselves. They had no opportunity to see that the 
mixture tasted sweeter before freezing than it did afterwards, and 
there was no discussion of this fact. No reason was given for the 
use of salt with the ice in the freezing mixture nor was the proportion 
discussed, but arbitrarily given. There was interest in the lesson, 
but it centered in the eating of the product after it was finished 
rather than in the principles involved in the making. From this 
example it may be seen that there is danger of much poor teaching 
in a subject which has the possibility of as good teaching as any 
other in the curriculum. While the example cited is of especially 
bad teaching, it is true in most cases that teachers of home eco- 
nomics tell the students too much, and do not allow them to reason 
things out sufficiently for themselves. Advocates of the method of 
teaching by means of problems agree that the subject-matter must 
be developed gradually in class. The teacher must not tell; the 
pupil must be required to make plans before she begins to work, 
and so be made to think things out for herself, keeping at the same 
time a live interest in technique. 

When this method is used in teaching home economics it means 


- that the problems given must be kept quite simple at first and the 


facts and principles which should grow into the life of the girls be 
developed gradually, step by step. It means thorough organization 
of material and thorough understanding on the part of the teacher 
of the principles involved. It means that students be given a very 
clear idea of the problems to be solved and trained toward definite 
standards of work. The danger in such a method lies in the fact 
that in the interest of learnimg the reasons for the different steps 
the standards for results may be lowered and drill on special points 
missed. This can be obviated by repeating those problems whose 
results are unsatisfactory and by having drills at stated intervals. 

The best method of opening up a lesson is by questions which eall 
to mind past experiences of the students and relate them to the 
problem (the preparation step in the formal lesson outline). Next 
there should be a very definite statement of the problem, made 
clear by additional questions (the presentation step). A list of 
these questions carefully worked out with a short and definite state- 
ment of the problems, should be given at one laboratory period to 
enable the student to prepare for the next. If the students study 
this carefully they are ready to start work at the beginning of the 
next period. An opportunity for questions should be given before 


starting work, but too much discussion at this point results in ‘‘tell-— 


ing.”’ After the work is done the most valuable part of the lesson 
comes, the comparison of results and discussion of differences, 


§ 


leading to generalizations which form the theory of the subject in : 
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hand. Thus theory grows out of practice, and to make the cycle of 
knowledge complete, it should be applied again in practice. 

The following lesson plan illustrates this method of teaching. 
To formulate questions the teacher must have in mind a very definite 
logical outline which the questions will develop, but in actual ques- 
tionmg she should follow the order of the students’ own way of 
thinking. 1 

OUTLINE FOR A LESSON ON SPONGE CAKE. 


(This lesson has been preceded by one on omelettes and soufflés, and will be followed 
by one on custards, or the use of eggs as a means of thickening. ) 


What do you understand by the term sponge cake? What types of 
sponge cake have we? What would you say were the characteristics 
of this group of cakes? What are the necessary constituents? How 
do they vary in the different types? In what kind of sponge cakes 
do you use cream of tartar? In which do you use lemon juice? Can 
you see any reason for this difference? Classify any recipes you may 
have for this type of cake on the basis of the amounts of the different 
constituents necessary for each egg. 

Sponge cake.—You will find that for each egg in the sponge cake 
proper the general proportions of flour and: sugar are the same, about 
one-fourth cup of each and one teaspoonful of lemon juice to each 
ege. Is any other liquid necessary? Upon what will this depend ? 
What is the danger if too much is added? What will be the result 
if the amount is too little? In what order would you mix the above 
ingredients? What must be your aim all the time? The egg serves 
what functions in this cake? If eggs were expensive what two 
ingredients might you use in their place? To what extent can this 
substitution be made? Calculate the amount of each you would add 
as a substitute for one egg. 

Let each student make a typical sponge cake, or a cheap sponge 
cake with one egg. Calculate the cost of each and compare the 
results. Are we justified in paying extra amount for the typical 
sponge cake? Is the cheap sponge cake wholly representative of this 
group ? : 

Angel cake.—In what sense is an egg white equivalent to half an 
egg? On this basis work out your proportions for the angel cake 
from those used for the sponge cake. Could you make a cheap angel 
cake? What would be the limit to the amount of substitution 
possible here? Why do we add cream of tartar to the angel cake 
and lemon juice to the sponge cake ? 

Each student should make an angel cake, using the whites of two 
eggs. Make this either into a typical or a cheap angel cake. The 

1 The students are expected to answer the questions from their own experience so far as possible. Where 
their experience along any of these lines has been limited, it may be supplemented by reference to books 


in the library. Recipe books are especially valuable in giving suggestions as to proportions, combinations, 
ete. 


~ 
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yolks should be very carefully put away in the jars provided for 


that purpose as they are to be used at the next laboratory period. ~ 


Sunshine cake.—How does the sunshine cake differ from the sponge 
cake on the one hand and the angel cake on the other? Formulate 
the proportions for a small sunshine cake. Which would you use in 
this case, cream of tartar or lemon juice ? 

Any of the students who wish may substitute sunshine cake for 
either the sponge or the angel cake. 

Baking the cake-—At what temperature did we find that eggs 
should be cooked? Since the typical sponge cake contains a very 
large proportion of egg, in what way would this determine the oven 
temperature? What is going to make your cake light? If the oven 
is too hot, what will happen to the top of your cake before it is fully 
raised? What will be the result in the cake? What temperature 
do you think would be most desirable for baking the above mixture ? 
Would you use different temperatures for the typical and the cheap 
sponge cake? Reason. 

The objections raised to the above method of teaching are three: 

1. Itissaid to be slow and wasteful of material. Experience shows, 
however, quickness in real progress. While so much ground may not 
be covered, general principles are acquired, applicable anywhere. 
The knowledge has become a part of the student; it sticks better. 
In most cases there is no more waste than in the imitative recipe 
method. Material is not expensive, and with proper oversight fail- 
ures are uncommon. ‘ 

2. It is said that recipes should be standardized by experts and 
given to others in definite forms. But recipes must be indefinite 
since (a) food materials vary, not bemg chemically definite sub- 
stances, and (6) the recipe itself varies with the result sought. It is 
far better to give the girl ability to utilize successfully whatever 
materials she may have available than to teach her to follow a small 
number of recipes. 

3. It is said that teaching by recipes is the best means we have of 
cultivating correct food standards in the students, but it is doubtful 
whether it is wise to insist absolutely on uniform standards for all. 
Recipes can not be used as exact guides as long as the composition of 
ingredients is variable, and people differ in their tastes. 

Correlation.—A good scheme for correlation used by a San Francisco 
school is as follows: Each teacher outlines her work in advance in 
general terms for each quarter, and more in detail for each month 
and week. These outlines are discussed in faculty meetings, each 
teacher stating the point at which she would like help from the others. 
As a result of these discussions other points of correlation are seen. 

The practical outcome of these discussions is seen by an examina- 
tion of the chart used by these,teachers. There are as many columns 
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in each direction as there are courses for the given year. In each 
square there is a hook upon which a library card can be hung. In 
the top square of her column the teacher places on a yellow card 
her monthly outline, and each week a pink card containing a more 
detailed outline of that week’s work. When a teacher wishes 
correlative work from another department she writes her request 
on a white card which she hangs in her column, and in the square 
corresponding to the department from which the work is desired. 


4 Fi t Mathe- + 
Home economics. History. English. aaticd: Science. 


(Place monthly and weekly outlines here.) 


Home economics. English makes request 
of home economics. 
History. - | Home economics 
makes request of 
history. 
English. 
Mathematics. 


Science. 


The above chart is supposed to be divided into squares. 

In this way we may find across the top of such a board an outline 
of the work in each subject, while the up-and-down columns show at a 
glance what the various departments are expecting of each other 
during the current week. When the work is planned sufficiently in 
advance there is no difficulty in preventing conflicts. 


LABORATORY EQUIPMENT. 


Food work.—Individual equipment of table, stove, and utensils is 
desirable. However, when expenses must be kept down, a mini- 
mum equipment may be secured for $50, consisting of 12 individual 
sets of utensils, each costing about $2, and general equipment costing 
$25, including one three-burner oil stove and a supply table; for 
cooking tables whatever is available must be utilized. 

Special cooking tables allowing working space of about 3 by 24 
feet can be built in or purchased ready-made. They should provide 
storage room for utensils and food supplies underneath. Individual 
gas plates or stoves are desirable. If there is no gas, individual oil 
stoves are preferable, since gas-manufacturing plants, like acetylene, 
are not common in the home. 

‘Cupboards, a fireless cooker, a refrigerator, and a wheeled supply 
table with shelves below for food materials are desirable. If possible, 
a dining room, or at least space for a dining table, should be arranged 
to afford practice in table service. The cost of china, silver, glass, 
and linen may be estimated at $62. Schools planning cooking 
equipment should send for catalogue to any large wholesale hardware 
company. 

83933°—Bull. 540—17——2 
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Seurng.—A sewing room should have tables 3 feet wide, allowing 
24 feet in length for each student. The general equipment should in- 
clude sewing machines, dress forms, mirror, fitting stand, skirt 
marker, cabinets; and the individual equipment, scissors, yardstick, 
foot rule, tape measure, pincushion, emery, pins, and needles. Equip- 
ment cost about $1 per pupil in addition to general equipment. 


OUTLINE OF LESSONS. 


The following order has been used for each lesson: (1) The subject, 
stated as a ‘‘Problem.”’ (2) The chief ideas, listed as ‘‘ Points to be 
brought out.” (8) The references, which have been confined to 
material available in bulletins of this department and of the various 
State colleges and experiment stations. Two textbooks should be 
obtained, one on foods and one on clothing. The choice of these must 
be left to the teacher. She should select them only after a careful 
examination of those available. The one on foods should be some- 
thing more than a book of recipes; it should consider the principles 
of cookery, composition of food, and the principles of dietetics. The 
book on clothing should contain material on the selection of clothing, 
clothing standards, application of design to dress, the hygiene of 
dress, and a study of fabrics as well as drafting and the principles 
of sewing. If any part must be omitted let it be the latter, for the 
teacher can easily provide herself with a textbook on drafting and 
sewing so as to give the students the necessary information. 

There should be in the library some additional books dealing with 
the composition, nutritive value, and digestibility of food. A good 
recipe book will be useful not for arbitrary use but for suggestions 
and comparison. It should not be misused. A good book on home 
laundry work, one on house sanitation, one on the care of the house, 
one on personal hygiene should be available for reference work. 
Copies of a good household chemistry, household bacteriology, and 
household physics will be found useful. 

There are a number of such books? available at the present time. 
For a teacher of home economics to keep up to date in her work she 
must see the new books as they are published. Most publishers will 
send copies for examination which can be returned without cost to 
the teacher if they prove unsuitable for her purpose. 

Bulletins are issued frequently which will be of help. These can 
in many cases be obtained free. The teacher’s name should be on 
the mailing list of the Department of Agriculture for the Monthly 
List of Department Publications. She may send for any which 
interest her. 

(4) Under ‘‘Correlation’” are suggested ways in which other 
courses May make use of home-economics subject matter, thus in- 


1See U. S. Bur. Ed. Bul. 613 (1914). 
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creasing the value of the latter and domg much to keep the former 
vital. Under ‘‘Supplementary Topics’”’ are mentioned topics of 
household concern not directly related to the home-economics lesson 
of the day, but which may well be included in English work. 

Each year’s course consists of 160 lessons covering the subjects of 
cooking and sewing, with related hygiene and sanitation, and with 
review lessons at proper intervals. 


LESSONS FOR FIRST YEAR’S COURSE. 


LESSON 1. 


Problem.—To plan, select the material, and estimate the amount 
of material necessary for (1) a dish towel, (2) a holder, and (3) a 
kitchen apron. 

Points to be brought out.—Towels should be of as inexpensive ma- 
terial as possible, should absorb water readily, and should leave no 
lint. Holders should be constructed of material which does not burn 
readily and which is a poor conductor of heat. Aprons-should be 
white, easily laundered, of simple design, and easily made. 

References.—Write to State leader of girls’ clubs for design of 
apron used in canning clubs. 

Correlatuon.—Physics: Study conduction of heat (in connection 
with the selection of the material for the holder). 


LESSON 2. 


Problem.—To make the towel, holder, and apron. 

Points to be brought out—Making a neat machine hem on both 
straight and curved edges. Sewing on tapes. Overhanding or bind- 
ing of the different layers of the holder together. 

References—Handy and Pract. Farm Libr. [Missouri], Mo. Bul., 13 
(1915), No. 2. 

Correlation.—Arithmetic or English: Estimate the cost. - Physics: 
Capillarity of woven fabrics. 


LESSON 3. 


Problem.—To can any fruit in season. To examine the stove and 
learn to understand all drafts and openings. 

Povnts to be brought out.—In canning we wish to preserve the fruit 
in as nearly the natural condition as possible or in the condition in 
which we would serve it. Cooking in the can or jar is the easiest 
and the simplest method. Sugar is not used as a preservative in this 
case, but should be used in amounts just sufficient for good flavor. 
The essential points in the management of the stoves should be 
brought out during this lesson. 

References.—U. 8S. Dept. Agr., Farmers’ Buls. 426,* 521, and 771. 
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Correlation.—Physics: Study of conduction, convection, and radia- 
tion of heat, as applied in the stove. The insulated oven. The 
fireless cooker. 

Nore.—If possible plan an additional lesson on the canning of fruit in which one 
of the outdoor canners is used in the orchard. In this case can in tin. Show how the 
culls, which would in many cases be wasted, may be utilized. This work could be 
given with all the girls in places where large amounts of fruit are available. There 
might be a contest between the different classes. Aim to emphasize the economic 
side and at the same time give the girls opportunity to work with large quantities of 
material. This lesson may be substituted for one of the following lessons or given as 
an extra lesson on the weekly holiday. 


LESSON 4. 


Problem.—To study the relation of microorganisms to the spoiling 
of food. 

Points to be brought out.—Since microorganisms which may cause 
the spoiling of food are present all about us extreme care is necessary 
to prevent the contamination of food. In preserving we must kill 
all the microorganisms present or prevent their development. Simple 
heating at the boiling point for 15 to 20 minutes is sufficient in the 
case of fruit. Most vegetables are more difficult to sterilize. They 
must be heated for several hours. A shorter time may be used at a 
much higher temperature such as is obtained under pressure, or the 
material may be heated for a shorter time on three successive days. 

References.—Preservation of Food in the Home, Univ. Mo. Bul., 
15 (1914), No. 7, pp. 1-8; U. S. Dept. Agr., Farmers’ Buls. 359, 426,* 
and 521. 

Correlation.—English: Stories of germ life. 


LESSON ‘5. 


Problem.—To can any available vegetables, using the following 
methods: (1) Cooking on each of three successive days, (2) long 
cooking at the boiling temperature, and (3) cooking under pressure, 
if possible. Compare the methods as to time and trouble involved, 
the keeping qualities of the products, and the amount of fuel required. 

Points to be brought out.—Complete sterilization is more difficult in 
the case of vegetables than in the case of fruits. The comparative 
value of the different methods of canning. The canned vegetables 
are an important addition to the winter’s dietary. 

References.—U.S. Dept. Agr., Farmers’ Buls. 259*,1 pp. 30-32; 359. 

Correlation.—Arithmetic: Estimate cost of home-canned vege- 
tables, taking into consideration the different factors involved. Com- 
pare with the cost of the factory-canned material. English: His- 
tory of canning industry (Encyclopedia). 


1 Farmers’ Bulletins marked with an asterisk throughout this publication are not available for free dis- 
tribution, but may be secured from the Superintendent of Documents, Government Printing Office, Wash- 
ington, D.C., for 5 cents a copy. 
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LESSON 6. 


Problem.—Canning vegetables, continued. Use any vegetables 
available. 

Correlation.—English: Select from lists of U. S. Department of 
- Agriculture a Farmers’ Bulletin on some aspect of vegetable foods or 
cookery which would be useful in your home, and write to the Secre- 
tary of Agriculture, Washington, D. C., for it. 


LESSON 7. 


Problem.—To launder kitchen towels and aprons. 

Points to be brought out.—The soil and dirt may be removed by 
solution, emulsion, and mechanical means; soaking helps to loosen 
them. Clothes should be thoroughly rinsed in order to remove the 
last traces of any material in solution, as well as the soluble se 
agent. 

References.—Rose, The Laundry, Cornell Univ. Reading Courses, 
1 (1912), No. 11, pp. 183-136; Handy and Pract. Farm Libr. [Mis- 
souri], Mo. Bul., 13 (1915), No. 2. 

Correlation.—Chemistry: Soaps. English: Soap-making (Ency- 
clopedia). 

LESSON 8. 

Problem.—To prepare fruit juices, some to be used the next day for 
making jelly, and the remainder to be sterilized and kept for winter. 

Points to be brought out.—When the juice is to be used in making 
jelly the fruit must be cooked in order to extract the pectin, which is 
an essential constituent of jelly. ‘The juice to be used in jelly making 
may be allowed to drip or may be extracted by pressure; the former 
method makes a clearer jelly, but often at the expense of flavor and 
quantity. The juices to be used for purposes other than jelly making 
preserve more of the natural flavor if extracted cold and sterilized 
at the lowest possible temperature. 

References.—Univ. Ill. Bul. 8 (1911), No. 7, Goldthwaite; Pres- 
ervation of Food in the Home, Univ. Mo. Bul., 15 (1914), No. 7, 
pee ier 22S. 22 Agr. Farmers Buls. 78*, a 29 122" pe 20s 
175*; 644. 

Correlation.—Arithmetic: Comparative cost of clear and cloudy 
jelly. 

LESSON 9. 

Problem.—To make jelly from some of the juice prepared in Lesson 
8. 

Points to be brought out.—Three constituents are necessary for 
successful jelly making—acid, pectin, and sugar. The amount of 
sugar added depends not so much upon the amount of juice as upon 
the amount of pectin in that juice. The usual proportion of sugar, 
one cup to each cup of juice, is too much in the case of a juice in 
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which the amount of pectin is small or in the case of a fruit in which 
large amounts of water are necessary for the extraction. It should be 
cooked until it jells. This point has been reached when a ther- 
mometer inserted in the solution indicates a boiling point of 103° C. 
(217° F.). Ina few cases it is necessary to cook the juice to a higher 
temperature, 105° C. (218° F.). 

References.—Univ. Ill. Bul., 8 (1911), No. 7, Goldthwaite; Preser- 
vation of Food in the Home, Univ. Mo. Bul., 15 (1914), No. 7, pp. 
23-29. 

Correlation.—Physics: The effect of substances in solution upon 
the boiling point of that solution. Arithmetic: Explain the different 
thermometers, Fahrenheit and Centigrade, and compute changes of 
readings from one to the other. 


LESSON 10. 


Problem.—Examination of the jellies made last time, an analysis 
of the process, and a discussion of the reasons for any variations in 
the results. 

Points to be brought out.—Failure may be due to (1) absence of 
pectin in the juice. This can be determined by the alcohol test. 
(Ref. Univ. Mo. Bul., 15 (1914), No. 7, Preservation of Food in the 
Home, p. 23); (2) a deficiency of acid which prevents a perfect jelly 
from forming. Sugar sometimes crystallizes out from a jelly made 
from juice containing a small proportion of acid. If cooked too long, 
a candy rather than a jelly will result. 

References.—U. S. Dept. Agr., Farmers’ Buls. 78*, 122*, 175*. 

Correlation.—Chemistry: Result obtained by boiling cane sugar in 
an acid solution, and the effect of this in retarding crystallization. 


LESSON 11. 


Problem.—To study the water supply from the standpoint of its 
use for laundry purposes. Wash the laboratory aprons and towels 
in water from different sources and compare the ease of the process, 
the amount of soap required, and the appearance of the article after 
laundering. In case the water is very hard, test the effectiveness of 
various alkalis in softening it. Show how to detect an alkali. 

Points to be brought out.—Hardness of water is due to the mineral 
matter in solution. Some of this is thrown out of solution when the 
water is boiled. Hardness of water which may be corrected by boil- 
ing is termed temporary hardness. That which is not remedied by 
boiling is called permanent hardness. Soap does not dissolve readily 
in hard water because it forms an insoluble compound with the 
mineral matter present. The scum which forms on the top of hard 
water when we use soap with it is an example of such an insoluble 
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compound. Alkalis soften water by throwing the mineral com- . 
pounds out of solution. Care must be taken to avoid using an alkali 
which will harm the material to be washed. 

References.—Rose, The Laundry, Cornell Reading Courses, 1 (1912), 
No. 11, pp. 114-117; Handy and Pract. Farm Libr. [Missouri], Mo. 
Bul., 13 (1915), No. 2, p. 82; any good book on home laundry 
work, 

Correlation.—Chemistry: Alkalis and the means of detecting them. 

Supplementary topre.—Describe the water supplies on your home- 
stead, and suggest ways of making the water supply more convenient 


at the house, 
LESSON 12. 


Problem.—To recook any jelly which was found unsatisfactory at 
the last lesson. 

Points to be brought out.—If an examination of the juice shows too 
little pectin, add some from another source, such as apple or white 
rind of the orange or lemon. If the juice is not sufficiently acid, add 
an acid from another source, lemon juice or citric acid. In case the 
proper amount of sugar has not been used, make the necessary cor- 


-rection. In some cases a soft jelly may be stiffened by allowing it 


to stand for a short time in the sun. 

References —Univ. Ill. Bul., 8 (1911), No. 7, Goldthwaite; Pres- 
ervation of Food in the Home, Univ. Mo. Bul., 15 (1914), No. 7, Cov- 
ering with paraffin; U.S. Dept. Agr., Farmers’ Buls. 78*, p. 29; 122*, 
DIZ WIS. 

Correlation.—Arithmetic: Estimation of the cost of the jelly. 
Comparison in cost with the commercial product. 

Supplementary topic.—List the kinds of fruits you know which will 
and which will not jelly. Ascertain the localities in the United States 
in which fruit raising is an important industry. 


LESSON 13. 


Problem.—Let each student clean her room and write an account 
of the process, giving the reason for eachstep. Discuss these accounts 
in class and make a plan to be followed by each of the girls in the care 
of her room. 

Points to be brought out.—Thorough airing of bed and room is neces- 
sary. In cleaning care should be taken not to distribute dust. In 
dusting it is best to work downward from the upper part of the room. 

References.—Watson, Rules for Cleaning, Cornell Reading Courses, 
1 (1912), No. 23; a good book on the care of the house. 

Correlation.—Arithmetic or English: Time and energy cost of clean- 
ing rooms. Cost of equipment and supplies used. ~ 
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Problem.—To make marmalade. 

Points to be brought out—In a marmalade, although the fruit is 
much more finely divided than in the case of preserves, the fruit and 
juice should remain distinct. 

Reference.—U. S. Dept. Agr., Farmers’ Bul. 203. 

Correlation.—Arithmetic: Compare the cost of marmalade and jelly. 

Supplementary topic.—Discuss a plan for improving the quality of 
homemade preserves, etc., in a community by means of local institute 
or school of domestic science for farm women. 


LESSON 15. 


Problem.—To plan a cap and an apron to be worn during the daily 
cleaning of the rooms. 

Points to be brought out.—The purpose of the cap is to protect the 
hair from dust. It can do this and at the same time be attractive. 
The design should be such as will admit of easy laundering. Let the 
students bring in designs to be discussed and from them make the 
selections. (The choice of the design will depend somewhat upon 
the experience of the class in sewing. In general, the simpler the 
better.) The apron should cover the dress completely. The bunga- 
low apron now so much used is of good design, is easily made, and will 
serve to introduce the later work on a gown. (See Lesson 78.) It 
is not necessary to buy a pattern for this apron, since the design is 
very simple. The apron should be made of gingham in attractive 
colors, with the cap to match. Emphasize especially the desirability 
of a neat and attractive appearance while at daily work and the suit- 
ability of specially planned work clothing, rather than soiled, cast-off 
finery. 

References.—Any current pattern book. 

Correlation.—Arithmetic: Estimate the cost of cap and apron. 
Compare them with the cost of ready-made caps and aprons as 
priced in stores and mail-order catalogues. 

Supplementary topic.—Outline a plan for the purchase by a group 
of 10 neighbors of a vacuum cleaner and gasoline engine to run it, 
each person to have it for a day twice a month; estimate costs, suggest 
rules for use, repair, transportation, etc. 


LESSON 16. 


Problem.—To wash with different kinds of soap in order to compare 
their cleansing action, their effect on the color and appearance of 
the garment, and their lasting quality. To test soaps for free alkali. 

Points to be brought out.—Soap cleans by its emulsifying and dissolv- 
ing action. Study the different soaps and washing powders available 
and classify them according to their uses. 


| 
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References.—Rose, The Laundry, Cornell Reading Courses, 1 (1912), 
No. 11, p. 117; any household chemistry. 

Correlation.—English: The relative economy of the use of different 
soaps and washing powders. Discuss ways of reducing the amount 
of mud tracked into farm houses,including changes outside and inside 
(as walks and doormats), personal habits necessary, etc. 


LESSON 17. 


Problem.—To make preserves, jams, and butters. The points of 
difference and the means of producing the different types. 

Points to be brought out.—There is a definite standard for each of the 
above products. By controlling the conditions under which the dif- 
ferent fruit products are made we determine which of the products 
shall result. 

References.—U. S. Dept. Agr., Farmers’ Bul. 203. 

Correlation.—Agriculture or Nature Study: The fruits available in 
your community; best varieties. What new varieties might well be 
introduced into your community or on your homestead ? 

LESSON 138. 

Problem.—Cut out and baste a dust cap and apron. 

Points to be brought out.—The material should be carefully cut with 
long strokes of the scissors. The work is neater when the parts which 
are likely to slip have been carefully basted. We should not, how- 


ever, baste unnecessarily. 


References.—Directions sent out by leaders of canning clubs. Any 
good book on sewing. 
Correlatton.—English: Write a description of cap and apron and tell 


how they are made. 
LESSON 19. 


Problem.—To discover the effect of soaking cucumbers in brine’ 
Weigh the cucumbers, place them in the brine, weigh them every day 
for several days, and note their loss of weight and the change in their 
appearance. Put into brine the material for the pickles to be made 
in the later lessons. 

Points to be brought out.—Salt, and sometimes sugar, may be used 
to draw the surplus water from fruits and vegetables which we wish 
to preserve by the use of sugar, spice, and vinegar. When the mate- 
rial is finely divided, the water may be extracted by mechanical 
pressure. This is a good time to show the effect of the very com- 


‘mon practice of soaking the fresh sliced cucumbers in salt water 


before serving. The salt draws the water from the cucumbers, 
toughening them and rendering them less rather than more digestible. 
References.—U. 8. Dept. Agr., Farmers’ Bul. 521; Office Expt. 
Stas. Bul. 245, pp. 87-90. 
Correlations.—Botany: Osmosis in relation to vegetable cells. 
Agriculture: The varieties of cucumbers and their culture. 
83933°—Bull. 540—173 ; 
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LESSON 20. 


Nore.—A series of lessons on mending has been planned, the object of which is | 
not only to teach the girls how to mend but to give them definite standards for the care 
of their clothes and to develop in them the habit of keeping their clothes in order. 
It therefore seemed desirable to distribute the lessons over the school year rather 
than to have them all together. An attempt has been made in these lessons to 
include all the types of mending which the girls will find useful and to introduce 
them in the order in which they seem most likely to arise. The girls should, if pos- 
sible, at each of these lessons bring in any clothing that needs attention. According 
to the discretion of the teacher instruction may be given to the girls individually, 
or the individual needs may be made the basis of a class discussion. ! 

Problem.—To outline the essential points in the daily care of 
clothing, with demonstrations, as of brushing, folding, etc. To darn 
stockings. . 

Points to be brought out.—Putting clothing away carefully does 
much to preserve its appearance. Neatness is essential. Frequent 
brushing and pressing do much to prolong the life of clothes. 

Reference.—Textbook on clothing. 

Correlations.—English: Write a story proving that a stitch in 
time saves nine. Arithmetic: Estimate costs, including the factor 
of time, of mending your own clothing, and the clothing of a family 
of six. 

LESSON 21. | 

Problem.—To make soap, using, if possible, alkali leached from 
wood ashes. 

Points to be brought out.—Soap is made from a combination of lye 
with fat. When these are combined in the correct proportions, the 
reaction of the soap is neither acid nor alkaline. : 

References.—Rose, The Laundry, Cornell Reading Courses, 1 
(1912), No. 11. Ask the mothers. ; 

Correlation.—Arithmetic and English: Calculate the time neces- 
sary to make soap and the cost. Is the factory product cheaper? 
What is “chip soap”? Make a drawing of a pump or water pipe, 
with a flexible hose to fill the tubs; also of a stopcock at bottom of 
tub to empty it. Describe. 


LESSON 22. 


Problem.—To remove the vegetables from brine and start making 
the pickles. 

Points to be brought out.—The liquid in which the pickle is pre- 
served is intended both to prevent decay and to give flavor. Unless 
the vegetable material is finely divided it must be heated in order to 
have the liquid penetrate. Finely divided pickles may be preserved 
raw if the pickling solution has sufficient antiseptic power. 

Reference.—Same as in Lesson 19. 

Correlation.—Arithmetic: Calculate the cost of the pickle, 
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Supplementary topics.—List the seasonal work in a household— 

i. e., tasks in addition to daily and weekly routine; for which should 
men of household help or hired help be secured? How many hours 
a day is it wise to work, thinking of a well-balanced life? 


LESSON 23. 
Problem.—To clean and care for a sewing machine. 


Notr.—This lesson is introduced at this point, as the machines have not been 
needed to any considerable extent up to thistime. The first few lessons have served 
to introduce some of the problems involved in its use. The teacher should demon- 
strate carefully the cleaning and oiling of the machine and the essential points in 
changing the tension, etc. Each girl should have charge of a machine for a stated 
time. ' 

Reference.—Book of instructions with machine. 

Correlation.—English: Write a set of rules for the routine care of 
amachine. Costs of various machines (get catalogues). Can a gaso- 
line engine be arranged to run the sewing machine? Make a draw- 


ing to show how. 
LESSON 24. 


Problem.—To finish the pickles. 

Points to be brought out.—It is necessary to have every bit of pickle 
completely covered by the preserving fluid. — 

References.—U. 8. Dept. Agr., Farmers’ Bul. 521; Office Expt. Stas. 
Bul. 245, pp. 87-90. 

Correlation.—English: Compare cost of factory and homemade 
pickle. What light does this throw on value of woman’s home work ? 


LESSON 25. ~ 


Problem.—To score all food products preserved so far. Study the 
preserve closet. Prepare for a demonstration and exhibit for the 
neighbormg women, to be held on a Saturday. 

Points to be brought out.—There are definite standards to which 
these different food products should conform. The preserve closet 
should be kept in order and should be so arranged that all its con- 
tents are accessible. 

Reference.—Uniy. Mo. Bul., 15 (1914), No. 7, The Preservation of 
Food in the Home. 

Correlation.—English: Draw a plan and make out specifications 
for a preserve closet; give reasons for its distinctive features. 


LESSON 26. 


Problem.—To work on apron and cap. 

Supplementary toprc.—Explain the relation of a public library to 
the home life of its patrons. What does it do for them? Can loans 
of books be secured by your community from your State, county, or 
other library ? 
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; LESSON 27. 

General review. 

LESSON 28. 

Problem.—To finish apron and cap. 

Supplementary topics—How might six neighbors organize a maga- 
zine club, each subscribing for one magazine and exchanging, so as 
each to get the use of allsix? Draw up plan, list of magazines, costs, 
rules for ordering, for exchange, etc. 


LESSON 29. 


Probiem.—To sterilize petri dishes and plate. Pour tubes of agar 
into petri dishes for experiments in the next lesson. 


Note.—The tubes of agar should be prepared by the teacher or an advanced class. 


Points to be brought out.—For any material to remain aseptically 
clean it must not be touched by anything which has not been sterilized. 
Reference.—Any good bacteriology of the household. 


LESSON 30. 


Problem.—The weekly care of the bedroom. On the day usually 
devoted to this work the room should be carefully cleaned and an 
account written of the various steps, with the reasons for them. The 
following experiments with the petri dishes are suggested to make 
the reasons for the various steps in the cleaning process more clear: 
Expose 12 petri dishes as follows: (1) Immediately after sweeping 
a carpet, (2) immediately after sweeping a bare floor, (3) one-half 
hour after sweeping, (4) one hour after sweeping, (5) one and one- 
half hours after sweeping, (6) two hours after sweeping, (7) after 
dusting with a feather duster, (8) after dusting with a dry cloth, (9) 
after dusting with an oiled cloth, (10) after making a feather bed, 
(11) after brushing a skirt in the room, and (12) after brushing shoes 
in the room. 

Notse.—The purpose of these lessons is to give directions for the care of the room. 
Stress just those points which seem to be most needed by the different girls. These 
experiments can be outlined on any convenient day and the plates exposed whenever 
the rooms are cleaned. 

Points to be brought out.—A bare floor is more sanitary than a car- 
peted one. In sweeping we should aim to collect and remove dust, 
not to scatter it. A sufficient time should be allowed after sweeping 
to insure the settling of the dust. An oiled cloth is best for collecting 
dust. Making a bed, brushing a skirt, and brushing shoes all serye 
to distribute dust and bacteria in the room. 

Reference.—Watson, Rules for Cleaning, Cornell Reading Courses, 1 
(1912), No. 23. 

Correlation.—English: Write an account of the ways that girls pol- 
lute the air of their rooms unnecessarily. Make constructive recom- 
mendations. 
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LESSON 31. 


Problem.—To prepare oil dusters and equip a cleaning closet 
There should, if possible, be a cleaning closet accessible to the girls 
on each floor of the dormitory or of the home. If this is already 
equipped, the equipment should be carefully gone over and put in 
order. The girls should be responsible for seeing that it is kept in 
order. This furnishes a splendid opportunity for the study of equip- 
ment for cleaning. 

Points to be brought out.——Time is saved in cleaning and the work 
is better done if good apparatus is provided. A cleaning closet is 
desirable for then we know where to find our cleaning appliances. 

Reference.—Watson, Rules for Cleaning, Cornell Reading Courses, 1 
(1912), No. 23. 

Correlation.—English: Write a description of and estimate the cost 
of equipping a cleaning closet. List costs of improved cleaning appli- 
ances—dustless dusters, carpet sweepers, and hand vacuum cleaners. 
Would the gasoline engine used on milk separator and washing 
machine run a vacuum cleaner? How? (Get catalogues and prices.) 


LESSON 32. 


Problem.—To make vinegar. 

Points to be brought out.—Microorganisms are not always harmful 
in the household. By controlling them properly we may make them 
useful. We may use them in the making of vinegar. 

References.—U. S. Dept. Agr., Farmers’ Buls. 233*, p. 28; 276%, 
p. 28. 

Supplementary topic_—*nglish: Beekeeping, a vocation for farm 
women. (Secure Farmers’ Bulletins, catalogues.) 


LESSON 33. 


Problem.—A summary of the uses to which we may put micro- 
organisms in the home. 

Points to be brought out.—The importance of microorganisms in the 
ripening of cream and cheese, and in bread making. 

Exeursion.—Visit the school dairy or a near-by creamery and see 
how the milk is ripened with a starter, and, if possible, watch the 
process of cheese making. 

Correlation.—English: Write an account of the excursion. 

Supplementary topic—Methods of organizing cooperative cream- 
eries. What household work might be handled cooperatively ? 
Could washing? (See Journal of Home Economics.) 


LESSON 34. 


Problem.—Make short-process bread, using compressed yeast if 
available. If there is a bakery in the vicinity the yeast can usually 
be procured there, which grows very rapidly when the yeast is fresh. 
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Points to be brought out.—The time required in making the bread, 


other conditions being the same, is directly dependent upon the ~ 


amount of yeast used. 

Reference.—U. S. Dept. Agr., Farmers’ Bul. 807. Textbook on 
foods. 

Supplementary topic.—Essay on the Baking Industry in your home 
community in its relation to your home. What does it do, what 
might it do, for your home? 

LESSON 35. 

Problem.—Examination of the petri dishes exposed in the lesson 
on cleaning (p. 18). So far as possible, distinguish between the 
bacteria and yeast on the one hand and the molds on the other. 

Points to be brought out.—The plates exposed at different lengths 
of time after sweeping show that the microorganisms have not com- 
pletely settled until about two hours after sweeping. There is danger 
of distributing disease germs when we brush shoes and skirts in the 
room. 

Reference.—Any book describing bacteria, yeasts, and molds. 

Supplementary topic—English: Describe the arrangements which 
you would suggest, in an ideal household, for cleaning shoes and 
clothing. . 

LESSON 36. 

Problem.—To wash the individual towels from the bathroom. List 
the processes involved. 

Points to be brought out.—Boiling is valuable as a means of cleansing 
and as a means of disinfection. It is possible to transmit disease by 
means of garments, towels, etc. Fresh air and sunlight are valuable 
disinfectants. Bluing is used to neutralize the slight yellow color 
which comes as the natural result of the action of hot water and 
alkali on the textile fabrics. Only a slight amount is necessary for 
this. More is used to cover up careless work and gives a dirty, dingy, 
blue color to the clothing. Kinds of bluing: (1) Indigo—little used; 
(2) Prussian blue, an iron compound, frequently causes iron rust 
stains; (3) ultramarine blue, a mineral compound, used in suspen- 
sion; and (4) aniline blue, a coal-tar product, the cheapest and most 
common type of bluing. Test and identify the bluings ordinarily 
used. 

References.—Rose, The Laundry, Cornell Reading Courses, 1 (1912), 
No. 11. Any good book on home laundry work. 

Correlation.—Chemistry: Methods of identifying the different 
bluings. 

LESSON 37. 

Problem.—To make short-process bread into coffee cake, cinnamon 
rolls, Swedish tea rolls, Sally Lunn, ete. 

Points to be brought out.—Necessity for practice in handling the 
dough and managing it so as to promote the growth of the yeast. 
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Short-process bread is usually lacking in flavor and a little cmnamon 
and sugar will conceal the absence. 
Reference.—Any good book on food preparation. 
Correlation.—English: Write a description of how each of the above 
products should be made. 


LESSON 38. 


Problem.—Study of yeasts and conditions under which they live 
best. Study the forms in which they may be obtamed. Start sponge 
from yeast foam. 

Reference.—U.58. Dept. Agr., Farmers’ Bul. 807. 

Correlation.—English: Write a story of a cake of yeast. 


LESSON 39. 


Problem.—To make bread, using sponge from the dried yeast, the 
so-called yeast foam. Use bread mixer. 

Points to be brought out.—In the dried yeast cake the yeast is in a 
dormant state. It must have time to get started, therefore we soften 
the cake with luke-warm water and let 1t grow in the sponge. Dried 
yeast is used almost exclusively in the country because it does not 
deteriorate rapidly. The bread should be formed into loaves which 
are not too large to permit of proper baking. 

Reference.—Textbook on. food. | 

Nore.—Do not let the students get the idea that compressed yeast can not be 
used in making long-process bread. 

Correlation.—English: Describe the different kinds of yeast avail- 
able, with prices. 

LESSON 40. 

Problem.—To score bread and review all the steps involved in its 
making. 

Points to be brought out.—Ifi good bakery bread may be obtained it 
is sometimes uneconomical to make bread at home. The cost of fuel 
and the value of the worker’s time must be taken into consideration. 

Reference.-—Any good book on food preparation. 

Correlation.—Arithmetic: Compare the cost of homemade and 
baker’s bread. 


LESSON 41. 


Problem.—TYo inspect kitchen linen and make additional towels, if 
any are necessary. 

Points to be brought out-—There should be an adequate supply of 
dish towels and cloths. Both should be neatly hemmed. The best 
materials are those which absorb water easily and leave no Iint. 

Correlation.—Arithmetic: Determine the amount of kitchen linen 
necessary for a family of six and estimate the cost. 
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LESSON 42. 


Problem.—To grow yeast. 

Points to be brought out.—Yeasts are grown, not made. 

References.—Any old-fashioned recipe book. Ask mothers for 
method they have used. 

Supplementary topic.—Discuss possible ways of shortening the work- 
day of the farmer’s wife. Is it longer than the man’s day? Will 


shortening his help hers ? 
LESSON 43. 


Problem.—To make bread from yeast grown in different ways and 
to compare the resulting flavors. Start sponge for the salt-rising 
bread. (See next lesson.) 

Points to be brought out.—The yeasts grown in the different ways may 
affect the flavor of the bread through some constituent which in itself 
may change the flavor, or through the retarding action of some one 
constituent on some of the microorganisms which may enter the brew. 
The sponge must contain an abundance of carbohydrate material, part 
of which is in soluble form, and sufficient nutritive material for the 
growth of the yeast. Hops are added as an antiseptic. 

Correlation.—English: The yeast industry, the wheat belt, the flour 
industry. a 

LESSON 44. 

Problem.—To make salt-rising bread. 

Points to be brought out.—Bacteria may be used as well as yeast in 
the production of gas to make bread light. Cornmeal is used in the 
household as a source of these organisms when we make salt-rising 
bread. We always find in conjunction with them certain other organ- 
isms which give the typical flavor to the bread. Salt is used in this 
bread to prevent the growth of some undesirable organisms. Milk is 
essential as food for the bacteria. They grow best at a higher tem- 
perature than yeast. This bread has a distinct flavor very much 
liked by some. J 

Suggestion.—This can be made into a loaf or served hot in the form 
ofrolls. Itis especially desirable for toast. Baking it m small baking 
powder tins gives the whole loaf a brown crust and insures round, 
well-shaped slices. 

Supplementary topic.—Breads of different lands. Stoves of dif- 
ferent lands. 

LESSON 45. 

Problem.—To finish the work with the kitchen linen. It should all 
be marked and put away in an orderly manner. The first-year stu- 
dents may have the task of keeping the kitchen linen in order for the 
year. 

Points to be brought out.—Linen should be carefully marked and the 
date of its acquisition added so that we may know how long the dif- 
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ferent kinds wear. A linen closet should be planned so that the dif- 
ferent kinds of linen. can be kept separate and a person can tell at a 
glance just what is lacking. 


LESSON 46. 


Problem.—How to keep well. 

Points to be brought out.—Health is that condition of the body and 
its organs necessary to the proper performance of their normal func- 
tions. Disease is a pathological or abnormal physiologic state. 
Kinds of disease: (1) Autogenic, those which arise in the body—indi- 
gestion, rheumatism, gout, nervousness, etc.; (2) contagious, those 
which are due to micro-organisms coming from the outside. Pro- ° 
phylawis is the use of hygienic or other precautions for the prevention 
of disease. It may consist of (a) dismfection, (b) keeping the body 
in healthful condition so that it may resist the attacks of disease- 
producing microorganisms. Means of keeping well and strong: (1) 
Eating proper food in proper amounts, (2) getting sufficient fresh air 
and exercise, and (3) maintaining cleanliness inside the body and out- 
side. It is our duty to keep well. We become ill when we disobey 
the laws of nature. 

Reference.—Any good book on personal hygiene. 

Supplementary topic.—Kstimate in dollars and cents the cost to the 
family of the illness of some person whom you know. How is sickness 
a cost to the community? What does your community do to protect 
its members against sickness ? 


LESSON 47. 


Problem.—General summary and review of bread. 


LESSON 48. 


Problem.—The relation of food to health. 

Points to be brought out.—Food is probably the most important 
factor im the question of health. We should have it in proper kind 
and amount. Meals should be properly distributed throughout the 
day. The dangers from eating between meals are due to lack of 
sufficient intervals of rest for the stomach and also to the fact that 
food taken in this way is likely to take away the appetite for 
the regular meals. Girls who indulge in candy and sundaes between 
meals are liable to be undernourished. We need to study the food 
question carefully not only because certain autogenic diseases are 
the direct result of improper food, but because improper food lowers 
the body resistance and makes us more susceptible to contagious 
diseases. One of the best means of preserving health is the right 
choice of food. 

Reference —Any good book on food and nutrition. 
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Correlation.—Chemistry: Compare the composition of the body 
with that of some typical foods. 

Supplementary topic.—What books on food should a housewife 
have? Plan the entire library of an ideal farmer’s family. What 
general subjects would be included in such a library ? 


LESSON 49. 


Problem.—To bake apples and to cook cranberries. 

Points to be brought out.—Apples cook more quickly with the skins 
on and the coresremoved. Water is unnecessary in most cases. The 
skin keeps in the steam and the volatile flavors. Apples which have 
been pared and cooked without any water in the fireless cooker 
approximate baked apples in flavor. In cooking cranberries we add 
the sugar at the beginning of the operation if we wish the berries to 
hold their shape, at the end if we wish to make a sauce of them. 
Fruits are very valuable in the daily dietary, because they furnish 
mineral matters and mild acids, and should appear in some form other 
than rich preserves at least once daily. 

Reference.—U. 5S. Dept. Agr., Farmers’ Bul. 293. 

Correlation.—Chemistry: Make alist of some of the chemical 
elements which are important constituents of fruits and list the 
fruits in which they are present in the largest amounts. English: 
List and discuss varieties of apples available in your community. 
What kinds would you like on your farm ? 


LESSON 50. 


Problem.—To study the relation of fresh air and exercise to health. 

Points to be brought out.—Stress the value of fresh air and exercise. 
Night air is not harmful. It has been proved that outdoor sleeping 
even in cold climates increases the resistance to disease and renders 
one less susceptible to colds. 

Reference-—Book on personal hygiene. 

Oorrelation.—Physical training: Make out a weekly schedule which 
will furnish exercise of the proper type in the required amount; men- 
tion outdoor fun which a neighborhood group or a family group can 
occasionally enjoy together. 

LESSON 51. 


Problem.—To study the relation of personal cleanliness to health; 
toilet soaps. 

Points to be brought out.—Personal cleanliness is necessary for the 
best health. It includes daily bath to remove perspiration, oil, etc., 
from the skin; care of teeth; care of hair; sufficient changing of cloth- 
ing; and keeping the digestive tract clean. Constipation is the root of 
many ills. ‘The purpose of the daily bath is to keep clean, not to get 
clean. The bath furnishes exercises to the skin. If one can stand the 
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effect of a cold plunge, it decreases considerably the tendency to catch 
cold. ‘Toilet soaps should never contain a large excess of alkali. 
They should be made of pure fat. Perfume is frequently used to 
hide poor materials in soap making. The amount of water present 
in the soap determines the hardness of the latter. Since the way in 
which soap “‘spends”’ depends upon this hardness, it is wise to let the 
cake stand exposed to air for a while before using it. 

References.—Books on personal hygiene and household chemistry. 

Correlation.—English: Outline ways in which running water can 
be put into a detached farmhouse; ashower bath improvised. Deter- 
mine the difference in the time a soft cake of soap lasts compared with 
a hard cake of the same kind. 


LESSON 52. 


Problem.—To cook dried fruit. 

Points to be brought out.—Slow cooking helps to soften dried fruit 
and makes it absorb more completely the water lost in drying. Soak- 
ing is valuable as a means of decreasing the length of time necessary 
for cooking. 

References.—Langworthy: Raisins, Figs, and Other Dried Fruits, 
and Their Use, U. S. Dept. Agr. Yearbook Separate 610; Farmers’ 
Bul. 771. : 

Correlation.—Arithmetic: Determine the percentage of water ab- 
sorbed in cooking soaked and unsoaked dried fruit. Compare the 
composition of cooked dried fruit with fresh fruit. 

Supplementary topic.—List the kinds of dry fruit available, with 
prices. (Stores and catalogues.) 


LESSON 53. 


Problem.—Food as building material. 

Points to be brought out.—F ood does two things in the body—it fur- 
nishes energy and it furnishes the material from which the body fluids 
and tissues are formed. About 6 per cent of the body is made up of - 
mineral material, and unless this is supplied in the food we soon see 
the effects of such a deficiency. It is ordinarily conceded that suffi- 
cient mineral matter is present in the diet as usually selected. This 
is true only if we select our foods wisely and prepare them so as to 
retain as much as possible of this mineral material. 

References.—U.S. Dept. Agr., Office Expt. Stas. Buls. 185 and 227. 

Correlation.—Chemistry: List the elements present in the body. 
Divide them into two groups, acidic and basic. 


LESSON 54. 


Problem.—To prepare mashed potatoes. These should be cooked 
in different ways—baked, boiled with the skin on, boiled with the 
skin off, and boiled after being peeled and cut into cubes. Cream each, 
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adding the same proportion of seasoning in each case. Compare as 


to flavor. If time and the following vegetables are available, compare — 


also the flavor of tomatoes baked in their skins with stewed tomatoes, 
and beets baked in a tightly covered casserole with beets boiled in 
the usual way. (Unless the beets are very tender, the addition of a 
very small amount of water may be necessary.) 

Points to be brought out.—Many of the flavoring principles of veze- 
tables are volatile and are soluble in hot water. In baking a large 
portion of the volatile flavor is held in by the skin. Only those vege- 
tables which have a natural protective covering and contain suffi- 
cient water to hydrolyze the starch and cellulose present can be suc- 
cessfully baked without an artificial outside cover such as a easserole 
or a paper bag. A tight casserole is better than a bag, because the 
vegetable can be served in the dish in which it is prepared. When 
vegetables are boiled and the liquor is poured off some of the nutritive 
material and much of the mineral salts are lost. 

References.—U. 8. Dept. Agr., Farmers’ Buls. 256 and 295; Office 
Expt. Stas. Buls. 43* and 45*. 

Correlation.—Chemistry: Make lists of the vegetables in which 
given elements predominate. 

Supplementary topic.—English: Describe the vegetables which you 
- have eaten and the ways in which they were prepared. What vege- 
tables would you like to add to your kitchen garden at home? 


LESSON 55. 


Problem.—Making a bed, its daily care, and a study of the essential 
bed clothing. 

Points to be brought out.—The bed should be aired each day. The 
bedclothes next the sleeper should be frequently changed, since they 
are likely to be soiled from contact with the body. In no case should 
we use bed clothing next us which can not be frequently washed. 
Characteristics dlestanic in bed covers are warmth and lightness. 

Reference.—Any good book on household management or care. 

Correlation.—English: Make a list of the bed clothing desirable for 
a family of six and estimate the cost. Discuss metal bedsteads 


versus wood; different kinds of mattresses, bed pune (Visit _ 


stores and anmenit catalogues.) 
LESSON 56. 


Problem.—To put clothing in order and pack it properly for the 
holiday trip home. Any suits or dresses to be taken should be care- 
fully pressed. 

Points to be brought out.—All garments should be examined to see 


that they are in perfect repair. Sew on any loose fastenings. In 


packing all garments should be carefully folded so as to make as few 
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wrinkles as possible. Rolls of tissue paper or soft garments are fre- 
quently put between the heavier folds to prevent deep creases. The 
secret of successful packing lies in careful folding and in packing 
tightly, also securing the clothing in some way so it will not slide 
about. Well-packed garments can be taken out unwrinkled and 
ready to wear. Spots on a skirt are usually caused by the accumula- 
tion of dust in grease. The grease may be removed by the action of 
a solvent or by absorption. 
Correlation.—Chemistry: Test the solubility of fat. 
b LESSON 57. 

Problem.—To prepare the strong-flavored vegetables—cabbage, tur- 
nips, and onions. 

Points to be brought out.—Much of the objectionable flavor of some 
vegetables can be avoided by cooking in an open vessel. Have the 
same vegetables cooked with the cover of the vessel on and some 
with the cover off. Discard all the liquor from some, retain the 
liquor which is poured off from others, concentrate to reduce the bulk, 
and further volatilize the flavor and use with suitable seasoning to 
make a sauce for the vegetable. In all the lessons on vegetables 
have them well seasoned and attractively served. Emphasize the 
lack of fat in vegetables and the value of adding it as seasoning. In 
communities m which olive oil is used it gives a distinctive flavor 
which is very much liked. One of the charms of Italian and Grecian 
cooking comes from the use of olive oil. Well-made cottonseed oil is 
also good. 

' References.—U.S. Dept. Agr., Farmers’ Bul. 256; Office Expt. Stas. 
Bul. 245. . 

Correlation.—Englich: Discuss canned versus fresh vegetables; the 

facilities and value of methods for the household storage of vegetables. 


LESSON 58. 


Problem.—To prepare vegetables suitable for the Thanksgiving 
dinner. In this lesson the aim is to give the girls some suggestions to 
carry home with them. As many different ways of preparing vege- 
tables as possible should be tried. Each girl should try at least one 
_while at home and report upon its success. We should try to honor 
the occasion by using vegetables in unusually attractive ways. 

‘References.—U.S. Dept. Agr., Farmers’ Bul. 256; Office Expt. Stas. 
Bul. 245; Bureau of Education, Manila, Bul. 35 (Supt. of Documents, 
Washington, Dp: C.). Any eee recipe book, especially one compiled 
in the vicinity. 

Correlation.—English: Essay: (1) The Holidays, Festivals, and 
Birthdays, etc., of an American family, with suggestions for Wie 
ances. (2) What can the family do to develop in its members the 
religious spirit which is at the basis of Thanksgiving Day ? 
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LESSON 59. 


Problem.—To prepare some vegetable for the Thanksgiving dinner. 
This is to be done at home and a written report submitted at the next 
meeting of the class. 

LESSON 60. 

Problem.—To put away summer clothing. (To be done while at 
home and a written report handed to the teschat ) 

Points to be brought out.—All should be cleaned and mended. All 
buttons should be in place. Cotton and linen garments should be put 
away without starch and rough dried; all others should be carefully 
pressed and folded, and as far as possible each garment should be 
ready to wear when taken out. 

Reference.—Handy and Pract. Farm Libr. [Missouri], Mo. Bul., 13 
(1915), No. 2. 

Correlation.—English: What magazine seems to you to have the 
best discussions of dress; why? What magazines would you suggest 
for a farmer’s family composed of father, mother, boy of 16, girl of 12, 
boy of 10, assuming that they have $15 a year for magazines? Give 
reasons for your choice. 

LESSON 61. 

Problem.—Christmas sewing. Six lessons are given over to the 
Christmas sewing. No special outlines will be worked out for these 
lessons. The aim of these lessons should be to foster the true Christ- 
mas spirit and at the same time to furnish practice in some of the 
fancy stitches. 

Points to be brought out.—In the making of Christmas gifts every- 
thing should be either useful or beautiful, wherever possible both. 
Emphasize especially the utility of the gift and it adaptation to the 
person for whom it is intended. Keep the expense down as much as 
possible. Teach the pupils to use the materials at hand and those 
which are available at shght expense. 

Reference.—Handy and Pract. Farm Libr. [Missouri], Mo. Bul., 13 
(1915), No. 2, pp. 21-29. 

Supplementary topic.—Discuss principles underlying the exchange 
of gifts between members of a family. 


LESSON 62. 


Problem.—To analyze the successes and failures in preparation of 
vegetables at home and discuss the selection and care of vegetables. 

Points to be brought out.—Fresh vegetables should be used as soon 
as possible after gathering since the flavor changes on standing. 
Crispness is a desirable characteristic. This crispness comes from 
the presence of water and is lost with evaporation. 

References.—U. 8. Dept. Agr., Farmers’ Bul. 375, pp. 24-28, 31-34; 
Office Expt. Stas. Bul. 245, pp. 91-94. 
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LESSON 63. 


General review. 
: LESSON 64. 


Problem.—To make peanut brittle. It is better to make this by 
simply melting the sugar without the addition of water. 

Points to be brought out—Dry heat melts sugar, changing it first to a 
light brown sirup which hardens on cooling and is the basis of brittle 
candies. If the heating were carried further there would be a con- 
tinued browning and the material called caramel would be formed. 
Water is given off during the process of melting. 

Reference.—Any good book on food preparation or candy making. 

Correlation.—Arithmetic: Calculate the cost of homemade peanut 
brittle and compare it with the price of that bought at the store. 


LESSON 65. 


Start Christmas sewing. (See Lesson 56.) 

Supplementary topic.—Make a working plan for the control of money 
in the family. Should the father have sole control, or father and 
mother plan jointly for expenditures? At what age should children 
be told about family finances ? 


LESSON 66. 


Christmas sewing. (See Lesson 56.) 

Supplementary topic_—Many children are given a regular allowance 
of money for clothing, for savings, for gifts. Write a story of a 
girl’s allowance and what she did with it. What are the advantages 
in having an allowance? 

LESSON 67. 

Problem.—To make fudge. 

- Pownts to be brought out—In making fudge we dissolve the sugar and 
other materials in water and cook until a definite concentration is 
reached, then by beating we recrystallize the sugar, or, as we say, 
make it “‘cream.’’ In these candies we wish the crystals to be very 
small, so small that they can not be felt separately on the tongue. 
We are able to do this partly on account of a change brought about 
in the sugar during the cooking process, and partly by controlling 
the conditions under which the crystallization has taken place. 
The cooking changes are hastened by the addition of a weak acid. 
If too much acid is added the change goes too far and the candy will 
not cream at all. Does chocolate contain any acid? Brown sugar 
and sirups contain in varying amounts the same material to which 
sugar is changed on cooking, so when they are used acid is unneces- 
sary. We control the crystallization by beating only after completely 
cold, not stirring unnecessarily while cooking, and by keeping the 
nee which form on the upper part of the vessel from jane into 
the cooking sirup. 
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Suggestion.—This would be a good time to give the test for sugar. 
Have the girls test the candy in the usual household way to deter- 
mine whether or not it is done, then take the temperature of the boiling 
solution at this point. Record and compare very carefully the con- 
clusions of the different members of the class. 

Reference.—Same as Lesson 64. 

Correlation.—Physics: The relation of the boiling point of a solu- 
tion to its concentration. 

LESSON 68. 

Problem.—To classify candies and study the principles under- 
lying their preparation. 

Inigod. suelo LESSON 69. 

Christmas sewing. (See Lesson 56.) 

LESSON 70. 


Problem.—To make fondant, applying the principles worked out 
in the making of fudge. 

References.—Same as Lesson 64. 

Correlation.—Arithmetic: Estimate cost of fondant. 


LESSON 71. 


Problem.—To prepare Christmas decorations. 

Points to be brought out.—Significance and spirit of Christmas. It 
is not a time for show nor merely for the exchange of gifts, but a season 
of happiness and good will to all. 

References.—Current magazines; Betts, The Christmas Festival, 
Cornell Reading Courses, 3 (1913), No. 53. 

Correlation.—English: Write Christmas stories. 


LESSON 72. 
Christmas sewing. (See Lesson 56.) 
LESSON 73. 


Problem.—A consideration of the place and value of candy in the 
diet. 

Points to be brought out.—Sugar yields energy but no- protein. 
Since it satisfies the appetite very readily, its free use may result in 
one’s not taking a sufficient amount of other more important foods. 
On this account it should not be eaten before the meal but afterwards. 
Sugar may cause teeth to decay partly because the person who eats 
excessive amounts of sugar is not getting the right amount of mate- 
rial—mineral matter—to build teeth. We can not keep well and | 
strong when we allow sugar to take the place of the protem which 
builds muscle or of the vegetables which supply mineral matter. 

References.—Same as Lesson 64; also U. S. Dept. Agr., Farmers’ 
Bul. 535, pp. 26 and 30. 
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Problem.—To make fondant. Duplicate as far as possible candies 
seen in the stores. Caramels, taffy, and divinity should be prepared 
this lesson. If it seems desirable and there is time, an extra outside 
lesson might be given on candy. In this all the girls would be 
interested. The candy might be sold or, in keeping with the holiday 
spirit, might be given to the poor in the neighborhood, or the students 
might furnish their own materials and take home with them the 
candy so prepared. 

References.—Food text. A good recipe book. 


LESSON 75. 
Christmas sewing. (See Lesson 56.) 
LESSON 76. 


Problem.—To outline a plan by which an account can be kept of the 
expenditure of time and money. 

Points to be brought out—We must keep accounts in order to be 
able to tell whether we are getting adequate returns from our expendi- 
tures. We should keep account of the expenditure of time as well as 
money. 

Reference.—Book on household management. 

Correlation.—English: Home accounts as related to farm accounts, 
U.S. Dept. Agr., Farmers’ Buls. 511 and 572. 


LESSON 77. 


Problem.—To review the work on sugars, classify the sugars and 
sirups. 

References.—U. S: Dept. Agr., Farmers’ Buls. 535 and 653. 

Correlation.—English: Write stories of sugar growing and manu- 
facture, and beet sugar in the United States. 


LESSON 78. — 


Problem.—To plan a nightgown. 

Points to be brought out.—The gown should be loose, simple, easily 
made, and easily laundered. ‘The trimming should be flat and dur- 
able. The material should be soft and durable, without finish. 

Suggestion for working out.—The kimono nightgown fulfills all 
these conditions, especially when it is made from 40-inch material. 
It is easily laundered. It may beironed flat or may be put through 
the mangle. If made of crepe, it needs no ironing. 

Reference.—Any good book on textiles or clothing. 

Correlation.—Arithmetic: Estimate the cost of the nightgown. 
Drawing: Draw designs. 

; LESSON 79. 


General review.¢ 
Y ad 
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LESSON 80. 


Problem.—To draft the gown. 

Points to be brought out.—Simplicity of the draftmg and the 
advantage of adapting it to the individual figure. 

Reference-—Any good book giving direc- 
tions for drafting underwear. 

Correlation.—Arithmetic: Keep accurate 

account of the time spent on drafting and 

ee ae making the different parts of the gown. 
LESSON 81. 


A 2 


{ 


Problem.—To sew up the seams and hem 
the gown. : 
Points to be brought out.—Neatness and care- 
ful machine work are essential for beautiful 
underwear. In the gown the French seam 
gives the neatest finish. This should be 
\ pinned and basted to insure evenness. After 
‘some practice the seaming may be accom- 
\ plished without the preliminary basting, but 
\ this should not be allowed until a certain de- 
-z-A« gree of proficiency has been attamed. The 
fa <-_.\ hem should be turned and basted, then 

Fic.1.—Kimononightgown. Meas- Stitched on the machine on the right side. 
urements: Length of front—from = Peference.—Handy and Pract. Farm Libr. 
highest point of shoulder to floor; 


length of underarm seam; bust [Missouri],Mo.Bul.,13 (1915), No.2, pp.64-78. 
measure, loose. No drafting on 

paper is necessary. Material—at LESSON 82. 
least a yard wide, and as long as . 
twice length of front plus twice | L-roblem.—To make cornstarch pudding. 


width ofhem. Foldinhalfcross- SGybstitute other forms of starch for the corn- 
wise (line AB). Fold in half z 4 rs 
lengthwise (line AC). Measure Starch and notice carefully any difference in 


down from line AB to bust line e a ny 
Geeta. Daa Di oe the resulting flavor and consistency. Deter 


allel to AB=one-fourth bust plus mine whether or not flour could be used and 


2 inches. HE (continuati f : 
DE. FH—2inches)formesleore HOW much would be necessary to give the 


seam. Bisectdistancefromsleeve desired consistency. 
to bottom of material (point G). f E 
Drawlinefrom FtoG. Cutout Points to be brought out——Cooking at the- 
triangle and use to piece out bot- = = 
om (GIL). caine hatehrcdaes temperature of boiling water renders starch 
together. Measure GL equal to palatable, and probably slightly more digest- 
derarm seam. Curve bottom. - : : 7 
Deawnockasdesired. Remembee iPle. On this account the pudding is best 
rane pokes mosierawe cooked at least part of the time directly over 
be 3 inches higher than the front. : . 
the fire. The cooking may then be finished 
in the upper part of the double boiler, where stirring is unnecessary. 
References.—U. S. Dept. Agr., Office Expt. Stas. Bul. 202; a good 
recipe book. 
Correlation.—English: Discuss the different sources of starch used 


as food. 
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LESSON 83. 


Problem.—To finish the neck and sleeves of the gown. 

Points to be brought out—That neatness and simplicity are desirable. 
The little machine scallops which come in dainty design make a neat 
and inexpensive finish. Turn the raw edge of the gown one-eighth 
of an inch toward the wrong side. Hold the narrow scalloped braid 
that the scallop stands out beyond the edge and at the same time the 
solid portion of the braid covers the raw edge of the turn. Care- 


_~ fully baste in this position and stitch with two rows on the right side. 


Reference.—Same as in Lesson 81. 

Supplementary topics——Discuss the storage of one’s personal 
clothing; the proper distribution of articles in bureau drawers; 
wardrobes with coat and dress hangers, etc., for both men and women 
of family. Work out a plan for partitions in a bureau drawer to 
store separately various kinds of things. 


LESSON 84. 


Problem.—To prepare cream toast, using flour to thicken the milk. 

Points to be brought out.—Dry heat dextrinizes starch, making it 
more digestible. One tablespoonful of starch is equivalent to two of 
flour in thickening power. Before adding starch to a hot liquid it is 
necessary to separate the starch grains by suspending them in a cold 
liquid. 

References.—Textbook on foods; any good recipe book. 

Correlation.—English: List et dishes made with toast; tell how 
to make some one dish which you would like to try at home. 


LESSON 85. 


Problem.—To launder underwear which requires starch. It should 
be left to the next lesson for ironing. 

Points to be brought out.—The reasons for starching are (1) a glazed 
surface keeps clean longer; (2) starch gives the material ‘‘body,”’ 
increases its resistance to moisture, and makes it more attractive in 
appearance. The kinds of starch used are wheat, rice, and corn- 
starch. Materials stiffened with wheat or rice starch are more 
flexible than those stiffened with cornstarch. 

Reference.—Any good book on home laundry work. 

Supplementary topic.—Draw a plan for a home laundry and list 
the appliances necessary, with prices. (Consult catalogues and 


visit stores.) 
LESSON 86. 


Problem.—To iron the underwear washed during the last lesson. 

Points to be brought out.—Materials which do not require ironing 
save much time. Extra time is required to iron elaborately trimmed 
underwear. Simplicity in trimming and design is desirable. 

References.—Rose, The Laundry, Cornell Reading Courses, 1(1912) 
No. 11, pp. 142-146. 
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Correlation. English: Estimate the amount of time required to 
iron properly narrow ruffles used as trimming. What type of trim- 
ming is most easily ironed and at the same time the most durable? 
Describe different irons available for your home. Compare the cost 
and the convenience of irons heated on the stove, by charcoal, wood 
alcohol, ete. 

LESSON 87. 

Problem.—To make cream soups, using the vegetables which con- 
tain very little starch, such as celery, cabbage, collard, cauliflower, or 
any other green vegetables. 

Points to be brought out.—Cream soups are made in the same way 
as a cream sauce except that the liquid instead of bemg entirely milk, 
is composed of part milk and part the liquor in which the vegetable 
has been cooked, with as much of the vegetable itself as can be 
softened and rubbed through the strainer. The proportion of flour 
necessary to make a soup of the consistency of thick cream is one 
tablespoonful to each cup of liquid. As the amount of solid material 
in the vegetable liquor is increased, the proportion of flour added 
may be decreased. It is always necessary to add some flour, how- 
ever, in order to prevent the heavy particles of vegetable from 
settling. The proportion of butter added is usually the same as 
that of flour. It depends in part, however, upon the flavor desired 
and the part the soup is to play in the meal. (Leave cream tomato 
soup until the milk lesson.) 

References.—U. S. Dept. Agr., Office Expt. Stas. Bul. 245, p. 75; 
text-book on foods. 

LESSON 83. 

-Problem.—To study: the relation of clothing to health. 

Points to be brought out.—The primary purpose of clothing is pro- 
tection, not ornamentation. Clothimg should not be so tight as to 
interfere in any way with freedom of movement. Shoes are made 
to protect the feet and to facilitate walking, not to make it more 
difficult. The clothmg should be such as to admit of the proper 
ventilation of the body. 

Reference.—Textbook on clothing. 

Correlation.—English: Write a composition comparing American 
and Chinese styles. . 
LESSON 89. 

Problem.—To make a bowl of palatable potato soup, and a variety 
of other cream soups from any available vegetables. 

Points to be brought out.—The value of cream soups as a means of 
utilizing skim milk on the farm. A cream soup may be made nutri- 
tious enough for the principal dish at a meal. It should be made 
very thin if it is to serve as the first course at a full dinner. In the 
latter case whipped cream should not be added to the soup. 

Correlation.—English: List all the different cream soups you have 
ever eaten or heard of, and tell how to make one which you would 
like to try at home. 
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LESSON 90. 


Problem.—To plan a suit of underwear. 

Point to be brought out.—The garments should be adapted to the 
purpose for which they are intended. There is much chance for 
improvement along this line. 

References.—Clothing text. Handy and Pract. Farm Libr. [Mis- 
souri], Mo. Bul., 13 (1915), No. 2. The intelligent study of any cur- 
rent pattern magazine. 

LESSON 91. 

Problem.—To draft the drawers. The design should have been 
selected in the previous lesson. 

References.—Same as in Lesson 90. 

Suggestion—A draft for circular drawers may very easily be 
adapted from one for a circular belt or peplum. The latter may be 
drafted as follows: 


4 
a 
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Fig. 2.—Directions for drafting circular belt: The measurements required are the waist measure and the 
depth ofthe belt. Draw aline ofindefinite length (fig. 2a, XY). Onthisline mark point A atadistance 
from X equal to one-third the waist measure. Using X asa center and XA asa radius, draw an indefi- 
nite are, AZ. On this are mark point B distant from A by one-halfthe waist measure. From A online 
XY measure the depth of the belt and mark the point C. Using X asa center and with XC as a radius 
draw an indefinite arc, CZ’. Draw a line from X to this are through B and mark the point of intersec- 
tion D. ACDB equals one-halfthe belt. In cutting lay line AC on lengthwise fold of the paper or goods. 

Directions for drafting circular drawers: Fold the pattern for circular belt as shown in figure 2b (AL 
CD-BH). Theline CD is folded in such a way that B isitinches below A. Lay on paper 36 inches wide, 
folded down the center. The fold CD should be placed upon a fold of the paper. From C measure the 
length desired for the side of drawers, that is, down over the hip (CE). With B as a center and 
a radius equal to CE plus 1 inch, cut the edge of the paper at F. On the edge of the cloth measure 
up from F 3 to 4 inches for the leg seam, and mark this point G. Connect A and G and B and Gas 
shown in the illustration. This pattern represents one leg of the pair of drawers. 
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LESSON 32. 


Problem.—To prepare some typical cereal breakfast foods. 

Points to be brought out—The value of the fireless cooker in the 
preparation of cereals. Cereals vary in composition according to the 
kind and part of grain used. 

References —U.8. Dept. Agr., Farmers’ Buls. 105*, pp. 19-22; 237*, 
pp. 14-18; 249, and 316*, pp. 17-19. 

Correlation.—Arithmetic: Calculate cost of individual servings of 
the various cereals. 

LESSON 93. 

Problem.—To prepare cornmeal mush, grits, hominy, and spoon 
bread. 

’ Pownts to be brought out.—The grits or small hominy should be pre- 
pared by boiling as you would a very coarsely ground cornmeal. 
The large pearl hominy requires several hours at the boiling point in 
order to be sufficiently cooked. It lends itself especially well to prep- 
aration in the fireless cooker. Save any of the mush, grits, and 

hominy left for use at the next lesson. 

_ -References.—U. S. Dept. Agr., Farmers’ Buls. 298 (Hulled corn, 
p. 21); 565 (Cornmeal mush, p. 10; Spoon cornbread, p. 19). 

Supplementary toprc.—Describe the construction of a homemade 
fireless cooker; of an improvised one for use in camping. 


LESSON 94. 


Problem.—To use left-over cereals. 

Pownts to be brought out.—The mush or the grits from the last 
lesson may be reheated by frying. (Farmers’ Bul. 565, p.11.) Reheat 
the hominy in a skillet with a little fat. During the first part of the 
operation the mass may be stirred. Toward the last, the stirring is 
discontinued and a crust is allowed to form on the underside. In 
serving, this side is turned to the top of the dish. Polenta, an Italian 
dish, may be made from the mush by cutting it in slices in a baking 
dish and then sprinkling it with grated cheese, salt and pepper, and 
putting it in the oven until it is heated through and the cheese is 
browned. The variety of ways in which we may serve cornmeal and 
other corn products and the economy of cornmeal as a food should be 
emphasized. 

References.—U. S. Dept. Agr., Farmers’ Buls. 298, 558*, and 565. 

Correlation.—English: List all the commercial cereal products, 
classify them in various ways. (Consult stores and catalogues.) 


LESSON 95. 


Problem.—To cut and seam the drawers. 
Points to be brought out.—A fell made by machine on the right side 
of the garment gives a neat, strong finish. There is no special advan- 


ae tl ia 
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tage in the hand fell except where the seam is curved, and the machine 
will not make a flat finish. 

Reference.—Same as in Lesson 90. 

Correlation.—Arithmetic: Estimate the cost per hour of a sewing 
machine which costs $25, lasts 20 years, and is used one hour a week. 


LESSON 96. 


Problem.—To wash woolen underwear. 

Points to be brought out.—Strong alkalis dissolve wool. Weak solu- 
tions dissolve only small amounts of the fiber, causing it to contract 
or shrink. Use soap free from any excess of alkali. Very hot water 
- or sudden changes from water of one temperature to that of a very 
different temperature is undesirable in the case of woolens. The 
character of the wool fiber is such that it tends to mat if rubbed too 
much. 

Reference.—Rose, The Laundry, Cornell Reading Courses, 1 (1912), 
Now Lt. 

Correlation. —English: Write descriptions of the EDD ace of 
wool fiber under the microscope. 

Supplementary topic.—Discuss different plans by es running 
water could be put into your house, or some other house of which 
you know, and their comparative cost, (Consult Farmers’ Bulletins 
and catalogues.) 


LESSON 97. 
Problem.—To cook rice. 


Points to be brought out.—In serving rice as a vegetable we wish to 
have the grains separate rather than in a gummy, pasty mass. This 
is accomplished by thorough washing to remove any adhering particles 
of starch, cooking rapidly in so much water that no stirring is neces- 
sary, or by cooking in a smaller amount of water in the double boiler, 
or the fireless cooker, and driving off the excess of moisture by heat- 
ing after the cooking has been finished. These different ways should 
be tried in class. Unpolished rice is more nutritious than polished. 

References.—Bulletin on Texas and Louisiana Rice, Pass. and Ind. 
Dept., Southern Pacific R. R., New Orleans, La.; Miriam Birdseye, 
Rice and Rice Cookery, Cornell Reading Courses, 3 (1914), No. 55. 

Correlation.—English: Write stories of the way rice is grown. 
Name different rice dishes you have known; describe the making of 
one you like. To what country do we owe rice? 


LESSON 98. 


Problem.—To make placket and band on drawers. 

Ponts to be brought out.—A good placket for drawers may be made 
with linen tape about three-fourths of an inch wide. (See Handy 
and Pract. Libr. [Missouri], Mo. Bul., 13 (1915), No. 2, p. 68.) -If the 
waistband is to be stitched on, apply it to the wrong side first, so that 
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the final line of stitching will come on the right side. Instead of a 
band a flat, fitted binding or yoke about 2 inches wide may be used 
around the top. 

References.—Same as in Lesson 90. 

Correlation.—English: Write description of the different kinds of 
plackets and their uses. Compare cost of home-made and ready- 
made underwear. Is woman’s home work worth money ? 


LESSON 99. 


Problem.—Cereals and their value in the diet. 

Points to be brought out.—Cereals contain all the necessary material 
for the formation of the new plant. The outer layers contain the 
largest proportions of mineral matter, and also of plant fiber; the 
“Inner sections are richest in energy-ylelding starch. 

Reference.—U. 8. Dept. Agr., Farmers’ Bul. 249. 

Correlation.—English: Look up the countries in which the different 
cereals are grown and list them. Could any new cereal be introduced 
into your community ? 

LESSON 100. 

Problem.—To finish the bottom of the drawers, make buttonholes 
and sew on buttons. 

Points to be brought out.—Finish the bottom of the drawers in the 
same way as was done with the neck and sleeves of the gown. The 
traditional finish, a ruffle, is not only more work in making and 
difficult to launder, but is objectionable in that it gives an excessive 
amount of fullness at a point where fullness is not desirable. | 

References.—Handy and Pract. Farm Libr. [Missouri], Mo. Bul.,13 
(1915), No. 2, pp. 70, 71; clothing text. q 

Correlation.—English: Discuss simplicity m dress. How far is 
the elaborateness, which means extra work, justifiable in woman’s 


dress ? r 


LESSON 101. 


Problem.—Wash a wool sweater. 

Points to be brought out.—A neutral soap must be used, since an excess 
of alkali injures the fiber. The water used should not be too hot, 
and the successive waters should be of uniform temperature, for rapid 
expansion and contraction of the fibers tend to cause felting and 
shrinking. ‘Too much rubbing also tends to felt or mat the fibers. 

Reference.—Any good book on home laundry work. 

Correlation.—English: Find cost for power-driven washers of 
various types—cost per week, (Consult catalogues for laundry 
equipment. ) 

LESSON 102. 

Problem.—To prepare tapioca, macaroni, and spaghetti. 

Points to be brought out.—These are often prepared in an unappe- 
tizing way. We should aim to season them well and not allow them 
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to become too dry. Macaroni should be cooked until tender in boil- 
ing, salted water. A good way to serve it is to put layers of the 
boiled macaroni in a baking dish with cream sauce and cheese between, 
cover with buttered bread crumbs, and bake. 
References.—Textbook on foods; any good recipe book. 
Oorrelation.—English: Write description of the process of manu- 
facture of these cereal products. 


LESSON 103. 


Problem.—To select a design and pattern for a princess slip or a 
one-piece garment to take the place of corset cover and skirt. To 
determine the size required. 

Points to be brought out.—This furnishes a good opportunity for the 
discussion of the value of patterns and the means of determining the 
size needed. ‘Two or three sizes should be selected according to the 
variations in the measurements of the different members of the class. 

References.—Current fashion magazines. Reference in Lesson 90. 

Correlation.—Arithmetic: Estimate m advance the amount of 
material necessary and the cost; then keep a record of money and 
time actually spent. 

LESSON 104. 


Problem.—To cook peas, beans, lentils, and cowpeas. 

Points to be brought out.—Beans and peas soften more quickly 
when cooked in soft water than when cooked in hard water, for the 
calcium in the hard water unites with some of the protein in the 
peas and beans to form a hard compound. It is sometimes possible 
to soften water by means of baking soda, but since the cook can not 
easily know how much soda is needed for the water in question, and 
since the soda may injure the flavor of the food, it is perhaps better 
to soften the water by boiling it previously if the character of the 
hardness permits of its being remedied in this way, or to use rain 
water. 

References.—U. S. Dept. Agr., Farmers’ Buls. 121; 256, pp. 21-27; 
509. 

Correlation.—Chemistry: Action of soda on hard water. English 
or agriculture: Discuss a plan for a vegetable garden for your own 
homestead. 

LESSON 105. 


Problem.—To adapt the pattern to the individual girl and cut the 
princess slip. 

Points to be brought out.—Each girl should cut a duplicate of the 
pattern which is nearest her size and adapt it to her measures. The 
slip should be carefully fitted before seaming on the machine, and 
any necessary corrections made in the paper pattern. 
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Reference—Handy and Pract. Farm Libr. [Missouri], Mo. Bul., 13 
(1915), No. 2, pp. 53-57. - 

Supplementary topic——Make an inventory of your own wardrobe, 
with costs, for your own information. 


LESSON 106. 


Problem.—To fit and seam the princess slip. 

Points to be brought out.—French or felled seams are the most 
satisfactory. For the back either the hemmed or the faced placket 
may be used since either fits smoothly. 

Reference.—Handy and Pract. Farm Libr. [Missouri], Mo. Bul., 13 
(1915), No. 2, p. 68. 

Supplementary topic.—Child labor and the cotton industry, on the 
plantation and in the miil. 

LESSON 107. 

Problem.—To cook legumes in any special way. 

Points to be brought out.—Legumes are not to be scorned. A little 
care in their preparation makes them valuable and appetizing addi- 
tions to the dietary. 

References.—U. 8. Dept. Agr., Farmers’ Buls. 121; 256, pp. 21-27; 
and 559. 

Correlation.—English: Write on the raising of some one legume 
which your family has not usually raised. 


LESSON 108. 


Problem.—To discuss the value of the legumes in the diet. 

Points to be brought out.—Legumes are valuable as a source of 
protein in the diet and on this account are useful as a substitute 
for meat. They also contain mineral salts which the body needs. 

References.—U. S. Dept. Agr., Farmers’ Buls. 121; 256, pp. 21-27; 
and 559. 

Correlation.—Arithmetic: Calculate the cost of definite amounts 
of protein obtained from one of the legumes. Compare with the 
cost of equal amounts of protein from meat. 


LESSON 109. 


Problem.—To make soups from peas and beans. Use either 
water or skim milk as the liquid. 

Points to be brought out.—Judicious seasoning and the addition of 
fat are necessary in order to develop a desirable flavor. These soups, 
especially those prepared with milk, have a high nutritive value. 

References.—U. S. Dept. Agr., Farmers’ Buls. 256, p. 25; and 559, 
p. ll. : 

Correlation.—Agriculture: The relation of legume crops to renewal 
of soil fertility. Plan a rotation of crops including a legume. What 
legume crops have been raised in your community? What would 
be good for your farm ? 


| 
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Problem.—F inal fitting of the princess slip and turning of the hem. 

Points to be brought out.—The bottom of the skirt should be pro- 
tected in some way to prevent wearing. The traditional way is 
with a dust ruffle, but this is not always desirable when worn with a 
narrow dress skirt. In that case it may be better to use a small, 
heavy machine-embroidered scallop or the zigzag braid which comes 
for that purpose. 

Supplementary topic—What is the proper length of skirt for an 
infant, for a girl of 8 years, of 14 years, an adult woman? Should 
skirts ever trail on the ground? What is the ideal width for a skirt 
from the standpoint of comfort, regardless of style? 


LESSON 111. 


Problem.—Mending. 

Correlation English: Plan and describe a systematic and orderly 
way of carmg for mending supplies and materials, as in a special 
work table with drawers having partitions, or a set of boxes or 


baskets. 
LESSON 112. 


Problem.—Composition of nuts and their value in the diet. 

Points to be brought out.—Nuts are rich in protein and fat and these 
nutrients are present in a form that is fairly easily assimilated. 
Since they are concentrated foods they should not be used in quantity 
with a heavy meal, and only in combination with more bulky foods. 
Nuts are used as an ingredient of salad, in soups, as a stuffing for 
poultry, im the making of desserts, and im many other ways. 

Reference.—U. S. Dept. Agr., Farmers’ Bul. 332.* 

Correlation.—Geography: Look up countries in which the typical 
nuts are raised. Which nuts are adapted to your own locality? 
How could you secure new varieties for your own homestead? (See 
catalogues.) 

LESSON 113. 

Problem.—To finish the neck and sleeves of the princess slip, make 
buttonholes and sew on buttons. 

Points to be brought out.—Whether the neck of the slip should be 
finished with fullness or flat depends partly on whether it is to be 
worn under a loose or a tight-fittmg garment. If it is to be worn 
directly under a thm material it should be high enough in the neck 
and broad enough over the shoulders to cover the other under- 
garments. 

Correlation.—Arithmetic: Compute actual money and time ex- 
pended in making slip and compare with estimate (Lesson 103). 


LESSON 114. 


Problem.—To review vegetable foods in general. 
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LESSON 115. 


Problem.—To review the sewing work and score the underwear 
made. . ; 

Suggested score-—(This is adapted from a score given by Miss 
Mary L. Matthews, Extension Bulletin 23, Purdue University, 
Lafayette, Ind.) 


Score card for underwear. 


I. Structure: Points. 
(a) Suitability of desien to use.:2298. 4.5.22. 5.2.) 2 eee aes 10 
(b) Choice ofsmaterial esi vtck ohh ee. ol VS Sere eae 5 
(c) Choice of trinimings..,. s2:.52e BP. Jee. os eee ee ee ee 5 
(d) Width and evenness in size of: 

1, BQAMB. 2 os gee io Sa en eee gone oo ee er 2 
2. Hems i... 22h... 27 ORR A? SS y 
3: Tucks: 3.29.52: ). 4 Pee oe oe 2 
4, Bands ‘and ‘trimmings2e soe... 2.2252 ee eee 2 

5. Gathers. (When there are no gathers let these points go 
under 4)¢ o.- 3. - cee Se Soe ee ee 2 
(e) Accuracy of cutting - <2 22) SA ee ee 10 

II. Stitches: 
(a) Appropriateness: ..........-23REeS:....-2 2 Bae ee 5 
(b). E'venness and neatness... 51) 2S5ReeRe. . 53.2 See eee eee ee 15 
(¢), SIz@.o ac. 5 in ese owe ee se 2 Se oe oo ee 10 
III. Finishing: 
(a) Buttons ‘and buttonholes.. . Sesto 22 oe ee eee 10 
(6) Fastening of thread jends'=:: (2 4eeSs....6. 2h ae ee ee 5 
(ce); Removal of bastings = :, 2:2 =... 4426. =: 4. 3a9-ed eee eee 5 
IV. General appearance: 

(2) Cleanliness of work... 04...) aeeebee: ojos bee ee 6 
(b) Pressing. 2h. h-2 neo. 65- - 2- See RA (i Se See ity 4 
Total... 2.02. JSR Os SEE ee oe 100 


LESSON 116. 


Problem.—To study insects as a means of transmitting disease. 
To plan and inaugurate a campaign against the fly. 

Points to be brought out.—The fly may distribute disease germs to 
food. By killing the first flies that appear before they have had a 
chance to breed, it is much easier to keep their numbers down. 

References.—U. S. Dept. Agr., Farmers’ Buls. 155*; 412*, p. 11; 
and 679. ' 

Correlation.—English: Write a story of how a fly helped spread a 
disease. Make a plan for controlling flies on your farm and for 
eradicating mosquitoes. 

LESSON 117. 

Problem.—-Soft cooking of eggs. Cook eggs in boiling water for 
3, 5, 7, 14, 30; and 60 minutes. Cook eggs for the same lengths of 
time in water which is boiling when the eggs are introduced, but 
which is set aside and not allowed to boil after the introduction of 
the eggs. Break the eggs and compare the consistency. 
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Points to be brought out.—Egegs coagulate at a temperature below 
the boiling point of water. When cooked in boiling water the out- 
side is overcooked and in many cases the yolk is not completely 
heated through. 

Reference.—Eggs and Their Value as Food, U.S. Dept. Agr., Bul. 
471. 

Correlation.—English: Write a story of a girl who made money to 
go to college by keeping poultry. 


LESSON 118. 


Problem.—Putting away winter clothing. The best means of pre- 
venting moths. 

Points to be brought out.—The eggs from which moths develop may 
be present. These must be killed or removed before the clothes are 
put away, for they may find in the packed clothes ideal conditions 
for their development. Since it is difficult to be sure that all moth 
eggs are removed, the clothing is usually packed under such condi- 
tions as to retard their development. 

References —U. 5S. Dept Agr., Bur. Ent. Circ. 77; Farmers’ Bul. 
659. 

Correlation.—English: The life history of the moth. What other 
insect pests has the housewife to fight? (See U. S. Dept. Agr., 
Farmers’ Buls. 626, 627, 658, 679, and 681. 


LESSON 119. 


Problem.—Apply the principles worked out in Lesson 117 by pre- 
paring poached eggs on toast, scrambled eggs, and eggs in any other 
way that the girls wish to try. 

Poinis to be brought out.—A more digestible and palatable product 
results when the cooking process is carried out at a temperature 
below that of boiling water. 

References.—Textbook on foods; any good recipe book. 

Correlation.—Physiology: Show in what ways the method of cook- 
ing eggs may affect their digestibility. 


LESSON 120. 


Problem.—To select a design for a simple skirt and draft the founda- 
tion skirt pattern. 

Points to be brought out.—A well-fitted namietion skirt pattern 
can be adapted to various skirt designs. Such a pattern is better 
suited to an individual than stock sizes of the commercial pattern. 

Reference.—Handy and Pract. Farm Libr. [Missouri], Mo. Bul., 13 
(1915), No. 2, pp. 34-37, 53-55. 

Correlation. _aneitay Discuss clothing as an expression of per- 
sonality. 
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LESSON 121. 


Problem.—To make a flytrap. Discussion of best methods of 
eradicating flies. 

Points to be brought out.—The best method of eradicating flies is by 
cleaning up the filthy places in which they breed. We may “swat” 
the flies, catch them in traps, or we may prevent their access to any 
water supply except one that contains poison. Screening of houses 
is an absolute necessity in fly-infected communities. 

References.—U. S. Dept. Agr., Farmers’ Buls. 133*, p. 25; 532*, 
p- 22; 679. 

Correlation.—English: Make a list of the wood-working tools which 
every housekeeper should have at hand, withprices. (See catalogues.) 


LESSON 122. 


Problem.—The composition of eggs and their value in the diet. 
Effect of cooking on their digestibility. 

Pownts to be brought out.—Egegs are valuable as a source of protein 
and mineral matter in the diet. The digestibility depends not only 
upon the temperature at which they are cooked, but also upon the 
flavor and the ease and fineness of division. 

References.—U. S. Dept. Agr., Office Expt. Stas. Bul. 143; Lang- 
worthy, Eggs and Their Value as Food, U.S. Dept. Agr., Bul. 471. 

Correlation.—Arithmetic: Calculate the cost of protein food as ob- 
tained in eggs at the prices customary at different seasons of the year. 


LESSON 123. 


Problem.—To adapt the pattern of the foundation skirt to the 
design selected and to cut skirt. 

Points to be brought out.—The foundation skirt may easily be modi- 
fied in accordance with the different designs. 

Reference.—Same as in Lesson 120. 

(Drafting is advisable wherever possible, but if necessary a com- 
mercial pattern may be used instead.) 

Supplementary topic.—Make a list of the articles of clothing de- 
sirable for a girl of 10 years on a farm. 


LESSON 124, 


Problem.—To make an omelette. 

Points to be brought out.—An omelette is an egg mixture cooked in a 
pan over the flame. It is usually made light by the expansion of air 
incorporated in the white. Milk is added to make the mixture more 
tender, but should not be added in a proportion larger than one 
tablespoonful to each egg because the mass becomes too liquid. 
Cream sauce may be added in amounts up to one-third cup for each 
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ege. In cooking, the aim should be to heat the mixture sufficiently 
first to cause the incorporated air to expand, and then to coagulate or 
“set” the albumen which constitutes the walls of the air-containing 
cells. Heat must be applied gradually, else the underneath portion 
is overcooked before the mass is heated through. The top should 
not be browned. If the top is not completely cooked, it may be 
dried by placing the pan in the oven about 30 seconds. 

References.—Textbook on foods. Any good recipe book. 

Supplementary toprc.—Name of the varieties of poultry of which 
you have heard. Which kind would you prefer for a family flock? 
Which, if you were keeping them for commercial profit ? 


LESSON 125. 


Problem.—To baste and fit the skirt. 

Pownts to be brought owt.—The first skirt should be fitted carefully 
and the necessary corrections made on the pattern. If the skirt is 
to be French seamed, be sure the seams are basted on the right side 
with edges of the proper width. 

Reference—Same as in Lesson 120. 


LESSON 126. 


Problem.—To wash table napkins and remove stains. 

Points to be brought out.—A stain is caused by the deposition of 
some material. Simce the action of hot water and soap sometimes 
renders insoluble materials which are in the beginning soluble, it is 
wiser to remove all stains possible before commencing the washing 
operation. 

In order to remove a stain a solution must be found in which the 
stain is soluble and which is not harmful to the fabric. Make a list 
of the reagents which should be present in every laundry for use in 
the removal of stains. Make a list of the ordinary stains occurring 
on household textiles with a corresponding list of the reagents which 
will remove these stains. 

Reference-—Rose, The Laundry, Cornell Reading Courses, 1 (1912), 
No. 11, pp. 128-132. 

enemies topic.—Describe the growing of flax and the making 
of linen. Discuss ways of making the table attractive when linen 
can not be afforded. Cost of paper napkins; of oilcloth. Discuss the 
use of flowers upon the home table. 


LESSON 127. 


Problem.—To make a sponge cake. 

Points to be brought out.—True sponge cake contains both the white 
and the yolk of the ege. It is made light by the expansion on heat- 
ing of the air incorporated in the egg white. Lemon juice is added 

_ for flavor and for the effect that the acid has on the texture. The 


~ 
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cake may be cheapened by substituting for some of the eggs a liquid, 
preferably water, and baking powder, in the proportion of one-half 
teaspoonful of baking powder and two and one-half tablespoonfuls 
of water for each egg. The general proportions for sponge cake are 
one-fourth cup of flour and one-fourth cup of sugar to each egg, or 
equal amounts of egg, flour, and sugar, since each egg is supposed to 
measure one-fourth cup. Bake in an oven at 175° C. (350° F.). 

References.—Textbook on foods. Any good recipe book. 

Correlation.—Physics: Expansion of air. 

Supplementary topic.—Discuss the omission of elaborate desserts 
in a home in which the mother is overworked. List desserts suitable 
for different occasions during the year. 


LESSON 128. 


Problem.—To seam the skirt. 

Points to be brought out.—The kind of seams used should be adapted — 
to the material. If it is heavy, the seams should be tailor-stitched — 
and the edges overcast or bound. [If it is light, French seams may © 
be used. 

References.—Same as in Lesson 120. 

Supplementary topic.——Discuss means of keeping the father’s and ~ 
brother’s clothing neat and attractive—proper ways of folding and 
hanging, coat forms, pressing, ‘‘dry cleaning,” etc. Neatness in — 
working clothes. How often should overalls be washed ? 


LESSON 129. 


Problem.—To determine the reasons for the great fluctuations in — 
the price of eggs. Preservation of eggs. 4 

Points to be brought out.—Large numbers of eggs are lost through ~ 
inefficient handling in the homes and on the farm. Infertile eggs — 
keep very much longer than the fertile ones. Water glass is very 
useful as a preservative. Evidence seems to point to the spring egg — 
as the best to preserve. i 

References.—U.S. Dept. Agr., Farmers’ Buls. 103*, p. 17; 273*, p.17; 
296*, p. 29; 353*, p. 14; Production and Handling of Market Eggs, — 
Mo. State Poultry Expt. Sta. Bul. 5 (1915). 

Correlation.—Arithmetic: Calculate the increase in price of 50 
dozens of eggs when held over from April until December, allowing — 
for cost of water glass, crocks, and time necessary in handling. How 
many eggs might well thus be preserved for your family? How 
much would be saved by using preserved eggs and selling your fresh 
eggs in winter ? 3 

Supplementary topic.—Describe a plan for a cooperative egg-ship-— 
ping association; the shipping of eggs by parcel post. U.S. Dept. 
Agr. Farmers’ Bul. 656, Community Hgg Circle. a 
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LESSON 130. 


Problem.—To put the placket in the skirt and sew on the band. 

Reference—Handy and Pract. Farm Libr. [Missouri], Mo. Bul., 13 
(1915), No. 2. 

Supplementary topic._—Is it better to buy good fabrics for women’s 
dresses and men’s suits expecting garments to last several years, or to 
buy unsubstantial material and discard it after a short time? 


LESSON 131. 


Problem.—To iron linen by hand and in a mangle. Comparison 
of the amount of time used in each case. Suggestions for substi- 
tutes for ordinary table linen which can be cared for with less ex- 
penditure of time and energy. 

Pounts to be brought out.—Much time can be saved by putting table 
linen through a mangle rather than ironing it by hand. Doylies and 
table mats require less time to launder successfully than the larger 
pieces. 

Reference-—Any good book on home laundry work. 

Oorrelation.—Arithmetic: Calculate amount of time saved by the 
use of a mangle in the laundry work for a family of six. How long 
will it take a mangle to pay for itself? (See catalogues.) 


LESSON 132. 


Problem.—To make angel and sunshine cakes. 

Points to be brought out-—An angel cake differs from a sponge cake 

in that we use the whites only and none of the yolks of the eggs. 
The proportion is in this case as before, equal measures (by volume) 
of egg white, sugar, and flour. One white is approximately one- 
eighth of a cup. Since the egg white contains so large a proportion 
of water, we add our acid in this case in the form of a solid, using 
cream of tartar instead of lemon juice, and substituting some other 
form of flavoring. 
_ A sunshine cake comes just halfway between the angel cake and 
sponge cake. In it we use both the white and the yolk of the egg, 
but the number of whites used is larger than the number of yolks. 
The use of these cakes is to be encouraged, especially during the time 
of the year when eggs are cheap and abundant. 

References.—Any good recipe book. Textbook on foods. 

. Correlation—Arithmetic: Calculate cost. 

Supplementary topic—What do similar bakers’ cakes cost? Why 
do we still bake cake at home? Is this wise if the mother is over- 
worked ? 

LESSON 133. 

Problem.—The preparation of custards. (This lesson should follow 
immediately the lesson on angel cake in order to utilize the egg yolks 
left over from the cake.) 
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Points to be brought out.—The value of starch and flour as a means 
of thickening liquid has already been studied. The object of this 
lesson should be to give the students some idea of the value of the 
egg as a means of thickening and of the proportion in which it should 
be used. We have two classes of custards—soft and hard, depending 
upon the proportion of egg used and the method of cooking. Custards 
should always be cooked over or in hot water. ‘Boiled custard’’ is 
amisnomer. It should be called ‘“‘soft.”’ 

References.—Textbook on foods. Any good recipe book. 


LESSON 134. 


Problem.—To finish the skirt. 

Points to be brought out.—The bottom may be either hemmed or 
faced. All loose ends of thread should be carefully fastened. 

References.—Textbook on clothing. Handy and Pract. Farm 
Libr. [Missouri], Mo. Bul., 13 (1915), No. 2, pp. 71 and 72. 

Supplementary topic._—Discuss ways of putting away skirts so that 
they shall keep their shape; plan a method adapted to your own 


home. 
LESSON 135. 


Problem.—To press and score the skirts, and review the problems 
involved in making them. 

Reference-—Univ. Mo. Bul., 15 (1914), No. 7. 

Correlation.—English: The score-card method of judging may be 
applied to any subject the quality of which depends on several factors. 
Secure score cards for sanitary conditions in dairy, for judging stock 
(U. S. Dept. of Agriculture), for jams, jellies, etc. 


LESSON 136. 


Problem.—To wash a colored dress, preferably one which is in dan- 
ger of fading. 

Points to be brought out.—Colors fade on account of (1) the long 
continued action of water and soap, (2) the use of strong acids or 
alkalis, and (3) exposure to strong sunlight. In order to prevent 
the fading of colors we avoid so far as possible the above conditions, 
and in the case of especially fleeting dyes we attempt to set the color. 
Setting the color is accomplished by the use of a mordant, that is, 
a material which will bring about a stronger union between the cloth 
and the dye. Make a list of the chemicals most frequently used in 
setting colors, the proportion, and the colors for which they are used 
(Rose, The Laundry, p. 139). A sample of the material whose color 
is to be set should be tested in each of the mordants and then washed. 
From the results one can determine which is the best to use. Apply 
this at the next lesson in the washing of the dress, observing all the 
above suggestion. 
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References.—Rose, The Laundry, Cornell Reading Courses, 1 (1912), 
No. 11, p. 139; any good book on home laundry work. 

Correlation.—English: Discuss clothing waste from cheap dyes; 
draw conclusions from personal experience and observation. 


LESSON 137. 


Problem.—To make a cheap sponge cake. 

Poinis to be brought out.—By the substitution of water and baking 
powder for part of the egg we may cheapen thespongecake. Custards 
may be cheapened by the substitution of flour for part of the egg. 
Angel cakes and sunshine cakes may be cheapened in the same way 
as the sponge cake. 

References.—Textbook on foods. A good recipe book. 

Correlation.—English: Explain the basis of the substitution and 
calculate how much is saved by it. 


LESSON 138. 


Problem.—General review of egg cookery. 

References.—U.S. Dept. Agr., Office Expt. Stas. Bul. 43; Farmers’ 
Bul. 471. 

Supplementary topic.—Discuss: How far can the average southern 
homestead produce to advantage all the foodstuffs required for its 
own table? How can a larger variety be produced than at present ? 


LESSON 139. 


Problem.—To plan a waist. Each girl should submit a désign. 
These should be discussed in class and modified if necessary. 

Pownts to be brought out.—A desirable design is simple and does not 
involve too much work. 

References.—Textbook on clothing; current fashion journals. 

Correlation.—Arithmetic: Estimate the probable cost of the waist 
planned, in both money and time. 

Supplementary topic-——Discuss simplicity in dress and indicate 
desirable standards of simplicity, taking into account cost, durability, 
expense and labor of laundering, etc. . 


LESSON 140. 


Problem.—To draft a waist pattern. 

Pownts to be brought out.—In drafting we are aiming to get a pattern 
adapted to the measurements of the individual. The system used 
should be as simple and rational as possible. Try the draft before 
using to be sure that it will work. Be sure that you understand each 
and every step and know the reason for each one. The simplest 
draft with the fewest arbitrary directions is the best. Go over it 

with the class and be sure that they understand each and every step 


{ 
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before stariing the work. In this way drafting can be made a ra- 
tional process and not a mere following of directions. Let the girls 
work in groups of two for taking measures and fitting. 

References.—Textbook on clothing; any reliable and simple drafting 
system for a waist. 

Supplementary topic.—Investigate the condition of the various types 
of workers in clothing establishments near your home, e. g., workers 
by the day, custom workers with their own shops; compare the busi- 
ness arrangements, wages, etc. Is there need of improvement ? 


= 


LESSON 141. 


Problem.—Ironing of a colored dress. Pressing cotton and linen 
dresses. 

Points to be brought out—The iron should not be too hot.: The 
dress should be ironed on the wrong side. Frequent pressing im- 
proves the appearance of cotton and linen dresses. 

Reference.—Rose, The Laundry, Cornell Reading Courses, 1 (1912), 
No. 11, pp. 127 and 145. 

Correlation.—English: Discuss proper storage of clothing as a 
means of reducing amount of pressing necessary; describe desirable 
equipment for ironing for your own home, e. g., the best kind of 
board. (See catalogues.) 


LESSON 142. 


Problem.—Finish and correct waist drafts, checking every measure 
carefully. Cut out in cheap lining material to be fitted. 

Points to be brought out.—Exactness is the most important factor 
in successful draftmg. All the measures should be checked up to be 
sure that they are accurate. As a final precaution, a waist should be 
cut from cheap material and fitted. This fitted pattern is the one 
to be kept. 

Correlation.—English: Discuss exactness or precision in workman- 
ship as needed by the housekeeper in sewing, in cooking, in care of 


sick, etc. 
LESSON 143. 


Problem.—Preparation of cream tomato soup and a cup of choco- 
late or cocoa. 

Points to be brought out.—Acid curdles milk. This effect is hastened 
by heating. It is retarded by thickening either the tomato juice or 
the milk before combining them or seems to be because the thickened 
liquid holds m suspension any curd that may be formed. Therefore, 
in order to prevent the curdling of tomato soup we thicken either the 
milk or the tomato juice with the requisite amount of flour and com- 
bine them at the proper temperature for serving. The use of soda to 
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neutralize the acid is not recommended since it may destroy the deli- 
cate flavor of the tomatoes, and, if used in too large quantities, is 
likely to cause indigestion. It is almost impossible to tell when just 
the correct amount has been used, since the acidity of tomatoes varies 
to such an extent. In boiling the milk to make the cocoa, the scum 
usually formed on the surface can be prevented by stirring the milk 
or by boiling it in a covered vessel. 

References.—Textbook on foods. Whipping cream, U. S. Dept. 
Agr., Farmers’ Bul. 384*, pp. 19-22. 

Correlation.—English: Describe the growth and manufacture of 
cocoa and chocolate; list the different brands available in your 
neighborhood, with prices. (Consult stores and. catalogues.) 


LESSON 144. 


Problem.—To fit the waist pattern. 
_  Suggestion.—The pattern cut in Lesson 142 should be very carefully 

fitted and trimmed off at the neck and sleeves. When it is correct in all 
details mark the line of the seams, rip the pattern apart and trim 
the edge evenly, allowing one-half to one-fourth an inch for seams. 
This is sufficient to admit of French seams being made. Be sure that 
the seams are evenly trimmed. Cut the pattern m half down the cen- 
ter front and the center back. (It may seem a waste of time to draft 
and fit a pattern in this way, but it will more than repay you in the 
amount of time saved later.) 

Correlation.—English: Make the briefest possible list of patterns 

which could be adapted to the cutting of the garments made in your 
own family. _How could you best store patterns systematically ? 


LESSON 145. 


Problem.—To prepare cottage cheese. It may be used in making 
sandwiches for a picnic for which the rest of the luncheon may be 
planned in class. 

Points to be brought out.—The curd is separated from the whey more 
completely if the mixture is slightly heated. This separation is ac- 
complished by heating to 40° C. (104° F.). Heating to a higher tem- 
perature than this toughens the curd. A picnic luncheon should be 
appetizing, abundant, and easily carried. 

References —U. S. Dept. Agr., Farmers’ Buls. 202*, p. 28; 430*, 
p. 10: 

Correlation.—English: Write an account of this picnic. List the 
places available for neighborhood picnics near your home. Is there 
a place on your farm where you could arrange an outdoor fireplace 
for occasional family picnics? Describe plans for such a picnic. 
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Problem.—To plan the different steps in the family washing. 

Points to be brought out.—Tuesday is the best day for washing, as 
this leaves Monday free for the mending, and gives opportunity for 
putting the clothes to soak on Monday night, if soaking is considered 
necessary. The steps in washing should be worked out in an orderly 
manner. Let each girl do her washing one week, treating it as she 
would a family washing and giving a definite reason for each step. 

Reference.—Rose, The Laurdry, Cornell Reading re 1 (1912), 
No? 11; 'p.' 132! 

Correlation.—English: Describe a plan for using a town laundry by 
means of parcel post. Work out the cost of your average family 
washing, including post charges to nearest laundry. (N. B.—Some 
southern families send laundry to distant city laundries.) 


LESSON 147. 


Problem.—To make rennet custard, and look at milk and cream 


under the microscope. 

Points to be brought out.—Rennet is an enzym and acts best at the 
temperature of the body. It is killed if heated to the boiling point. 
If added to milk which has previously been heated and cooled, it 
either does not clot, or forms a curd which is less dense, according 
to the length of time the heating has been continued. On this ac- 
count, when chocolate is to be added it is better to melt it m a small 
portion of the milk and then combine with the remainder. The fat 
is present in the milk in minute droplets. Such~a mixture is called 
an emulsion. 

References.—Textbook on foods; U. S. Dept. Agr., Farmers’ Bul. 
457*, p. 21. 

Correlation.—Physiology: Study of enzyms and the conditions 
under which they act best. . 


LESSON 148. 


Problem.—To adapt the drafted pattern to the waist planned. 
Points to be brought out.—By slight changes the simple shirt waist 


draft can be adapted for use with more complicated designs. Tucks: 


should be put in and allowance made for any fullness before the 
waist is cut out. Where the design is at all complicated a paper or 
cloth pattern should be cut first and tested by holding up to the 
figure. 

References.—Textbook on clothing. Handy and Pract. Farm Libr. 
[Missouri], Mo. Bul., 13 (1915), No. 2. 

Correlation.—English: Criticize the waists from the standpoint of 
artistic design. 


j 
; 
: 
. 
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Problem.—Buttermaking. 

Points to be brought out.—In churning we are aiming to control con- 
ditions which make the small globules of fat coalesce. 

References.—Farm Buttermaking, U.S. Dept. Agr., Farmers’ Buls. 
92*, p. 23; 133*, p. 30; 186*, p. 29; 384*, p. 22; 412*, p. 28; 541. 

Oorrelation.—English: Discuss cream separators, those driven by 
hand and by gasoline engines; costs. Similarly discuss churns. (See 
catalogues.) Is it possible in your community to sell or ship milk? 
Cream? How could a market be secured? Has a cooperative cream- 
ery been discussed? (Farmers’ Bulletins.) 


LESSON 150. 


Problem.—To fit and seam the waist, joining the seams with bead- 
ing. 

Points to be brought out.—A convenient way to use beading in a 
seam is as follows: Baste and fit the seam as usual. Mark carefully 
the line where the beading is to come, and rip the seam apart. Lay 
the right sides of the insertion and of the waist together, baste and 
stitch along the line of the seam so that the stitching comes exactly 
at the edge of the embroidery. The stitching will not show on the 
right side of the waist. Face back with the plain muslin at the side 
of the embroidery. This makes a neat and dainty finish for thin 
waists. It is quite as effective as when the beading is rolled and 
whipped in by hand, and is much more durable. 

Reference.—Textbook on clothing. 

Supplementary topic—What garment could you make for your 
father—a cravat, a dressing gown, slippers, a lounging jacket? Do 
proper clothes help people to rest, to play ? 


LESSON 151. 


Problem.—To wash a soft silk waist. 

Points to be brought out.—The same care should be taken as in the 
case of wool. While the fiber is not so easily affected by alkali or 
acid, it is usually more fragile, and must be handled carefully. 

Reference-—Rose, The Laundry, Cornell Reading Courses, 1 (1912), 
No. 11, p. 140. 

Correlation.—English: Stories of silk culture. Can it be intro- 


duced into the South ? 
LESSON 152. 


Problem.—To determine the proportion of cream in ordinary milk, 
the percentage of fat in cream, and to make ice cream. 

Points to be brought out.—A great variety of flavors is possible in 
ice creams. Fillers are used to add to the body of an ice cream. 
Fillers are starch, eggs, and pastry products. A binder prevents 
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crystallization on standing. Binders are gelatine and vegetable 
gums. The percentage of fat in ordinary cream should be deter- 
mined. 

References.—Bacteriological Study of Ice Cream, U.S. Dept. Agr. 
Bul. 303; Ice Cream, Vermont Expt. Sta. Bul. 155. 

Correlation.—Physics: Use of ice and salt in making ice cream. 
Latent heat. Kinds and costs of ice cream freezers. (See cata- 
logues.) If you have a gasoline engine at home, how could it be 
attached to turn the freezer? Make drawing. Milk tester; cost. 
(See catalogues.) 

LESSON 153. 

Problem.—The value of milk as food and the care of milk in the 
home. 

Povwnts to be. brought owt.—Muilk is provided as food for the young. 
It contains all the food nutrients but they are not present in the 
proper proportion for an adult. It is food for bacteria as well as 
human beings, so it must be especially protected against their en- 
trance. They cause the souring of milk and in other ways render it 
unfit for human food. 

References.—U. S. Dept. Agr., Farmers’ Buls. 363 and 413. 

Supplementary topic.—Different breeds of cows. Which do you 
prefer for a family cow? Which for a money-making herd? The 
household refrigerator, construction and cost. (See catalogues.) 


LESSON 154. 


Problem.—To make the sleeves for the waist and continue the 
work on it. 

Pownts to be brought out.—The most difficult thing in fitting a sleeve 
is to adjust the shape and fullness at the armhole. Sometimes 
sleeves are cut in one piece with the waist. This saves work, but it 
is hard to fit them so that they shall not bind across the upper arm 
nor be clumsy under the arm. 

References—Handy and Pract. Farm Libr. [Missouri], Mo. Bul., 
13 (1915), No. 2. pp. 45-48; any fashion magazine. 

Correlation.—Arithmetic: Calculate the difference in time and 
material required in making waists with different types of sleeves. 


LESSON 155. 


Problem.—To finish the neck of the waist. 

Points to be brought out.—Waists without collars are comfortable 
and usually becoming. The neck should be neatly finished. A col- 
lar should not be so tight as to constrict the neck in any way. 

Reference.—Textbook on clothing. 

Correlation.—English: Describe women’s neckwear in colonial 
times. Do you accept comfort as a fundamental requisite in select- 
ing or designing clothing? Discuss this point. 


HOME ECONOMICS FOR SOUTHERN SCHOOLS. 55 
LESSON 156. 


Problem.—To wash and clean ribbon. 

Points to be brought out.—The ribbons should not be rubbed. They 
should not be wrung out but dried between towels. A dry cloth 
should be laid over them in ironing. | 

Reference.—Rose, The Laundry, Cornell Reading Courses, 1 (1912), 
No. 11, p. 141. 

Supplementary topic.—Discuss the place of decoration in dress. 
Ts it the first requisite in clothing ? 


LESSON 157. 


Problem.—The preparation of salad dressings. 

Points to be brought out.—Salad dressings usually combine fat with 
an acid flavor. The fat separates from any liquid unless special 
precautions are taken to keep the two in combination. We com- 
bine them either as a temporary emulsion, or a permanent emulsion, 
or we keep the fat in suspension by thickening the liquid to which 
it is added with flour or with egg, or with both. Samples of all the 
typical dressings should be made. In some sections there is a great 
prejudice against the dressings made with oil. These should be 
made, but no one should be forced to eat them or even taste them. 
The students should understand that making mayonnaise with oil is 
just the reverse of churning. 

References —Textbook on foods; any good recipe book; U. S. 
Dept. Agr., Office Expt. Stas. Bul. 245, pp. 20-26. 

Correlation.—English: Look up meaning of “emulsion.” Study 
principles of homogenizing milk and butter to form cream. 


LESSON 158. 


Problem.—To finish the waist. Sew on buttons and make button- 
holes. . 

Points to be brought out.—A neat finish adds materially to the 
_ appearance of a waist. To use pins instead of buttons and button- 
holes is an untidy habit. 

(\Correlation.—Arithmetic: Calculate cost of waist and the amount 
of time spent in its construction. Compare with estimate of money 
and time cost in Lesson 139. 

Supplementary topic.—Discuss how much a mother’s time is worth— 
to herself, her family, and society. 


LESSON 159. 


Problem.—Use the salad dressings prepared during Lesson 157 to 
make a number of typical salads. _ 

Points to be brought out.—All salads should be cool and contain 
some crisp material. The crisp materials should not be combined 
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with the dressing until just before serving. Materials which are not 
crisp should be marinated (mixed with vinegar and seasonings or 
with oil, vinegar, and seasonings awhile before serving and allowed 
to absorb the flavor). Distinguish between a light and a heavy, 
salad and the place each should take in the meal. 

References.—Same as in Lesson 157. 

Correlation—English: List the different sales of which you have 
heard. Discuss the place of salads in the regular family meal. Sug- 
gest salads for special occasions. Describe one you wish to try when 


you get home. 
LESSON 160. 


Problem.—Making and remaking of sashes and girdles. The rib- 
bons washed in Lesson 156 should be used. 

Points to be brought out.—A little ingenuity will enable one to 
freshen up last year’s girdle or to make or trim one out of odds and 
ends of suitable material. 

References.—Current fashion journals. 

Supplementary topic.—Discuss the economic aspect of storage in 
carrying over clothing from one season to another. Plan a record 
book suitable for your own home to show what clothing is put away 
and just where it is packed, so that it can be quickly found as needed. 
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IMPORTANCE OF BY-LAWS. 


The founders of every cooperative association should have a 
definite plan of action mapped out before the organization actively 
engages in business, as the lack of such a plan has resulted in the 
failure of many cooperative enterprises. The importance of the by- 
laws of a cooperative association is readily comprehended when it 
is realized that the purpose of the by-laws is to serve as a working 
plan for the organization. The relation of the by-laws to the organ- 
ization resembles the relation of the specifications for a building to 
the finished structure. The blue prints furnish the builder with a 
eraphic representation of the work to be done and this is supple- 
mented by the necessary descriptive material, so that he knows before 
the building operations are commenced what each room is to be 
like and how the entire structure will appear when finished. Satis- 
factory results are not obtained when the plans furnished the builder 
are incomplete or inaccurate. A person about to erect a building 
does not obtain a photograph of a structure, the appearance of which 
pleases him, and expect the workmen to be able to build one lke it 
with no other guide than this photograph. Organizations on the 
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other hand too often expect to obtain the desired results by merely 
providing a general set of by-laws, which do not go into the details 
of the form of organization or the method of conducting the business. 


ADAPTATION OF THE BY-LAWS TO LOCAL NEEDS. 


It is impossible to draw up a standard form of by-laws which will 
adequately meet the needs of all organizations, for certain features 
may be highly desirable for one organization and decidedly umpracti- 
cable for another organization. Among the reasons for variation in 
the by-laws, the kind of business engaged in is important. Thus 
the regulations in the by-laws of a fruit-shipping association regard- 
ing the grading and packing of goods shipped are not applicable to 
the business of a creamery organization. Many other illustrations 
could be given. 

Certain parts of the by-laws must be drawn to suit the form of 
organization. Thus an association with capital stock will have 
clauses relating to its stock, while a nonstock association must sub- 
stitute other sections more particularly adapted to its form of organ- 
ization. The size of organization also should be taken into considera- 
tion, because by-laws drawn to meet the needs of a small local 
association would have to be changed before they would suit a large 
organization. The general plan may be the same in both cases, but 
some of the details necessarily will differ. Thus, in a small organiza- 
tion with a selected membership, restrictions on the individual 
members may be observed, while in a large organization it wouid 
probably be impossible to enforce such restrictions. 

Differences in the requirements of various locations must not be 
overlooked. Not only may the local conditions surrounding a co- 
operative creamery in Vermont differ from those of a similar plant 
in Texas, but the local conditions at one creamery may vary con- 
siderably from those at a plant only a few miles away. The ques- 
tions of proximity to market, of competition, of the characteristics 
of the local population, and the kind of farming all must be considered. 

The State law under which the organization is to be incorporated 
also influences the character of the by-laws. Some of the States 
have special laws providing for the formation of cooperative associa- 
tions; in other States such associations are formed in accordance 
with the general incorporation laws. The State laws are far from 
uniform, and it is therefore important to ascertain the requirements 
of the laws of the State in which the association is being incorporated, 
in order that the by-laws may be drawn in accordance with the law. 


IMPORTANCE AND ADVANTAGES OF INCORPORATION. 


A cooperative association may be in the form of a voluntary 
unincorporated association or it may be incorporated under the laws 
of the State in which it is being formed, or those of some other State, 
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Associations of the former class are rather loosely organized and lack: 
certain advantages which are gained by incorporation. 

It is advisable for all organizations to incorporate, as this gives the 
organization a distinct legal status which can not be obtained other- 
wise. For instance, an unincorporated association is hampered in 
the matter of bringing suit as an organization, while the incorporated 
association is not subject to such disability. Another advantage of 
the incorporated over the unincorporated form is that, in the former, 
the individual liability of a member is fixed by statute and is usually 
limited to the amount which he has invested in its capital stock. 
In some States the unincorporated organization is considered a part- 
nership. Where this is the case, the liability of the members is that 
of partners. In other States the unincorporated organization is 
regarded as an agent for its members. Where it is so held, the 
liability of the members is that of principals. Moreover, the incor- 
porated association has a more definite form of organization than the 
unincorporated and the management thereof is placed in the hands 
of certain officers who can be required to account more strictly to 
the association. Among other advantages of incorporation may be 
included its value in providing an established business, the contin- 
ued existence of which is assured more fully than that of the unin- 
corporated. Incorporation usually prevents any dispute as to the 
ownership of the property held by the association. 

The relation of the by-laws to the State incorporation laws has 
already been discussed, but it should be remembered that some of 
the States have more than one law for the incorporation of associa- 
tions. In that event, it must be decided which law is the most 
desirable and the by-laws must be drawn accordingly. Articles of 
incorporation must be prepared before incorporation, but as the 
form of this procedure differs somewhat in the various States and 
the requirements can usually be ascertained from the Secretary of 
State or other official in charge of such matters, a suggested form for 
articles of incorporation is not included here. 


SECTION 6 OF THE CLAYTON AMENDMENT. 


In 1890 Congress passed the Sherman antitrust law, and in 1914 
an amendment to the antitrust law, commonly known as the Clayton 
amendment, was passed. Section 6 of the Clayton Act is of particu- 
lar interest to farmers’ cooperative associations, because to a valuable 
extent it exempts such associations, provided they conform to its 
requirements, from the operation of the United States antitrust laws. 
_ Section 6 of the Clayton Act reads as follows: 

That the labor of a human being is not a commodity or articie of commerce. Nothing 


contained in the antitrust laws shall be construed to forbid the existence and opera- 
tion of labor, agricultural, or horticultural organizations, instituted for the purposes 
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of mutual help, and not having capital stock or conducted for profit, or to forbid or 
restrain individual members of such organizations from lawfully carrying out the 
legitimate objects thereof; nor shall such organizations, or the members thereof, be 
held or construed to be illegal combinations or conspiracies in restraint of trade, under 
the antitrust laws. 


It is obvious that if an association is to get the benefit of the sec- 
tion, it must comply with its requirements. It must be, first, a 
“Jabor, agricultural, or horticultural organization”’; second, it must 
be ‘instituted aoe the purpose of mutual help”; third, it must be 
core without “capital stock’; and, fourth, it must not be 

“conducted for profit.” 

As to the first requirement, ee may be some difference of opinion 
regarding the membership of an agricultural or horticultural organi- 
zation. Therefore it is safer that such an organization be composed 
only of persons engaged in or directly interested in farming. If it 
were not for this restriction it might be possible for a number of men 
engaged in some other line of business to organize, as an agricultural 
or horticultural organization, and claim the exemption provided by 
section 6 of the Clayton Act. 

The second requirement provides that the organization shall be 
formed for mutual help; that is, it must be a cooperative association 
formed for the benefit of all its members and patrons and not of a few 
only. An organization formed or conducted with a different motive 
than for the purpose of mutual help can not come within the terms 
of the letter or the spirit of the section. 

The third requirement is that the organization be formed without 
capital stock. Care must be taken to distinguish between the term 
“capital” and “capital stock.” The qualification that an organiza- 
tion shall be without capital stock does not mean that it is not per- 
mitted to have any capital. Capital, or money needed to carry on 
the business, must be provided in some other way than by the 
issuance and sale of shares of stock. Capital stock is a common char- 
acteristic of the usual form of a profit-making corporation. The 
exclusion of capital stock serves further to differentiate organizations 
operating under section 6 from the ordinary profit-making corpora- 
tion. It is obvious that the elimination of the capital stock feature 
removes much of the temptation to convert a cooperative organiza- 
tion into a profit-making enterprise. 

The final requirement that the organization must not be con- 
ducted for profit, is in line with the second qualification, which pro- 
vides that the organization shall be mutual. <A distinction must 
be made between profits and savings. While under section 6 of the 
Clayton Act only such organizations as are not conducted for profit 
are given the benefits of the exemption from the operation of the 
United States antitrust laws, this does not mean that an organization 
meeting the requirements of this section is not permitted to effect 
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savings for its members. If the farmers, through cooperative col- 
lective bargaining, are able to effect economies in the matter of the 
sale and distribution of their products and the purchase of their 
supplies, to that extent each member is benefited by his proportion 
of the savings. If the organization takes out only what is necessary 
to cover the cost of operation and to provide adequate maintenance 
and reserve funds, and prorates the balance among the members and 
other patrons, in accordance with the amount of patronage which 
each has given the organization, it is believed that it is not bemg con- 
ducted for profit. In that case the so-called ‘‘patronage dividend”’ 
is only a refund to the member or patron of what the year’s business 
experience has demonstrated to be an overcharge for services rendered 
the member. In this way the member makes savings only and the 
association never can make profit. ; 


DEALING WITH NONMEMBERS. 


If an organization handles the products of both members and non- 
members, and prorates any surplus it may accumulate among the 
members only, it is neither strictly mutual nor nonprofit and therefore 
does not measure up to the requirements of section 6. It follows 
that an organization transacting business with nonmember patrons 
must deal with such patrons on the same basis, with respect to its 
charges for services rendered and the distribution of savings effected, 
as it does with its members. 

The test of mutuality and equality is to be found in the fact that 
the association does not charge the nonmember patron for services 
rendered to him more than the actual cost of such service, including 
his prorata part of all overhead expenses. This must be so, or 
otherwise a small group of farmers could organize an agricultural 
association, and, by doing a large business with nonmembers, make 
large profits for themselves. It is thus seen that section 6 makes it 
obligatory for every organization, desiring to secure its benefits, to 
treat all patrons alike, in the matter of charging for services rendered 
and distributing savings made. 

The necessity for mutuality and equality, exacted by section 6, 
makes it highly desirable, if not obligatory, to have all patrons enrolled 
as members, as this removes any doubt which might otherwise exist 
as to whether or not the organization complies with the provisions of 
section 6. This presents a problem of some difficulty, for there may 
be instances where a nonmember desires to deal through an organiza- 
tion without becoming a member. The best way to meet the dif- 
ficulty is to make it as easy as possible for anyone eligible to mem- 
bership to unite with the organization. Then if such person does not 
want to become a member, it may be advisable for the association to 
refuse to act as his agent. 
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DIFFERENCES BETWEEN NONSTOCK AND STOCK FORMS OF 
ORGANIZATION. 


The stock form of organization is the most common, but as this 
type does not meet the requirements of section 6 of the Clayton Act, 
added importance is given to the nonstock form, as far as agricul- 
tural associations are concerned. A fundamental difference. be- 
tween the two forms of organization is that, in one, stock must be 
purchased before a person is entitled to membership, while in the 
other it is customary to require a membership fee only. 

In the stock form, there is no doubt about the financial interest 
of each member in the organization, while in nonstock organiza- 
tions such interest can not always be so easily ascertained. When 
the necessary capital is secured exclusively by means of a member- 
ship fee, there is little difficulty in this particular; but if the money 
be obtained by levying assessments on the members in proportion 
to the business done for them by the association, it is impossible to 
know what each member’s interest is unless complete records be 
kept. 

The ordinary stock corporation distributes its profits in the shape 
of dividends on its shares of capital stock, while, in a truly coopera- 
tive organization having capital stock, any surplus to be divided is 
distributed, by first paying upon the capital stock a sum which 
represents a fair rate of interest on the money invested, and then 
dividing the balance in the form of what has been popularly called 
“»atronage dividends,’’ the latter distribution being based upon the 
amount of business transacted for the members by the organization. 
As a concrete illustration of these two methods, the following may 
be used: If a stock corporation with a capital of $5,000, divided into 
50 shares of $100 each, does a business of $100,000 and accumulates a 
surplus of $1,000, above expenses and what is necessary for maintenance 
and reserve funds, a dividend of 20 per cent may be paid on each 
share; that is, every stockholder may receiv® $20 for each share he 
owns. If this organization operates on the cooperative plan, it will 
pay a dividend which is equivalent to a fair rate of interest, say 6 
per cent, on the capital invested in its stock, amounting to $6 per 
share, or a total of $300 in the form of interest, and then distribute 
the remaining $700 in the form of so-called “patronage dividends,” 
amounting to 70 cents on every $100 of patronage. Nonstock 
organizations formed in accordance with the requirements of section 
6 should distribute savings on a ratable basis of patronage. 

Another common difference between the ordinary stock form and 
the nonstock form of organization relates to the voting power of 
the members. In the former it is customary to allow each member 
to vote according to the number of his shares, while in the latter all 
members have the same voting power. However, it should be 
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stated that truly cooperative organizations having capital stock now 
generally allow each member one vote only, regardless of the number 
of shares he may own. 


FINANCING AND PERPETUATING NONSTOCK ORGANIZATIONS. 


One advantage of the stock form of organization is that the sale 
of the shares provides the required capital. A nonstock organiza- 
tion must provide whatever capital it requires in some other way. 
Where only a nominal sum is necessary, this may be secured by means 
of a membership fee. If any considerable amount is required, that 
method may not prove feasible, because a large membership fee 
may make it difficult to secure members. Where a greater amount 
of capital than can be obtained from membership fees is required, 
it will have to be borrowed either from the members of the associa- 
tion or from an outsider. When it is desired to secure all of the 
capital from the members, the organization can make it a member- 
ship requirement for each member to loan the association a certain 
amount, or it may rely on loans being made voluntarily by members. 
One advantage of requiring all members to participate in such loans 
is that it creates a vital interest among them in the success of their 
organization, as they become directly concerned in its financial 
affairs. Moreover, reliance upon loans made voluntarily by the 
members necessarily introduces an element of uncertainty. This 
would be diminished or removed if each member assumed a, fixed 
obligation to contribute his share of capital when calied on. Where 
the money is borrowed outside of the membership, some security for 
the loans is usually required. In such case a joint note of the mem- 
bers or individual notes of the members may furnish the necessary 
security. The latter method is preferable, because it limits the 
liability of each person to the amount of his note. 

When a supply of money is required for only a short period, as 
during crop-moving times, the plan of having each member give the 
association a negotiable, promissory, demand note for a certain sum 
and then using the notes as collateral in obtaining loans, has been 
employed with success. These notes may be used for three years, 
and at the end of that period, when the member’s patronage of the 
association may have increased or diminished, new notes may be 
taken for a respectively larger or smaller amount and the old notes 
may be canceled. This is simply a method whereby the member 
loans a small portion of his credit to the association and does not 
actually pay out any money, unless the association should be unable 
to repay the loans thus secured. If the amounts of the notes are 
based on the amount of business likely to be transacted with the 
organization, each member will loan his credit in proportion to the 
use he expects to make of the organization. Obviously these notes 
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are not necessary in the case of organizations which are in a position 


to secure funds needed for short periods from other sources. 

Whenever an organization borrows, provision must be made for 
paying interest and principal. In the case cf short-time loans 
required to finance the organization during the marketing season, 
payment may be made from commissions deducted from the 
proceeds of sales of the products. Thus, in some lines of business 
considerable money is required during the rush season in order to 
make advances to the farmers for their products, as the association 
does not get the returns from the sale of the products until later. An 
organization operating on a safe margin should not experience any 
difficulty in meeting such obligations. 

Similarly when loans are obtained to finance the erection of build- 
ings, or the purchase of property, provisions for repayment should be 
made. Needs of this kind, however, can best be met in ways entirely 
different from those employed in supplying money for short periods. 
A method of obtainmg money for such permanent purposes not 
infrequently followed by cooperative associations is to levy assess- 
ments on the members in proportion to the business done for them by 
the organization. Thus, in the case of a creamery organization, 
. which borrowed the money necessary for building and equipping the 
plant, a special levy of 1 cent for each pound of butter fat handled 
was made in order to provide the money needed to repay the loan. 

In case of a cooperative organization which secures from its own 
members the funds for making permanent improvements, it is some- 
times argued that it is unnecessary to provide for repayment. There 
are strong reasons, however, for the association specifically to assume 
an obligation to return every contribution of this character. The 
membership of an association will gradually change, so that an 
organization which secured its capital from its original members, 
sometimes finds that many of the old members have dropped out and 
that new members, who have not contributed to the original expense 
of the association, have come in to take their places. On this account, 
unless some provision is made for the repayment of money obtained 
from the members, the time may come when all the members who 
have contributed will have withdrawn. Adequate provision, of 
course, should be made annually for depreciation in the value of the 
property. 

Loans may be secured from members with the understanding that 
they will be repaid upon withdrawal from the association, or that they 
will be repaid at some stated time, or in installments. 

One objection to allowing such loans to run until a member pith 
draws from the organization, is that there may be a number of with- 
drawals during one year and none during another year. Under these 
circumstances it is difficult to forecast how much money will be 
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necessary during any one year to repay retiring members. Another 
‘drawback to this method is that it results in an unequal financial 
interest of the members, as the remaining members will have to 
contribute to the amount due each withdrawing member, and, as a 
result the financial interest of the older members will be much 
greater than that of the newer members. Such an arrangement also 
would tend to put a premium on withdrawal from membership. 

If each member is required to lend a certain amount to the associa- 
tion, such loans may be paid in annual installments, by levying an 
assessment on each member in proportion to the business conducted 
for him by the association, of sufficient size to provide the proper 
amount. When this is done each member should be given a state- 
ment at the end of each fiscal year, showing the amount he has con- 
tributed in this manner during the year. If arrangements be made 
to pay at the end of each year one-fifth of the original sums loaned to 
the association by each member, the entire amount will be paid in 
five years. The financial interest of all members in the association 
may be kept approximately equal by continuing the assessments and 
payments throughout the life of the association, so that, in fact, the 
loans are placed on a revolving basis. When this plan is followed, the 
amounts indicated on the yearly statement given to each member, 
after deducting the proper depreciation charge, will be paid five years 
from the time the statement is issued. Thus, the statements issued 
at the end of the first year will be taken up at the end of the sixth 
year, andsoon. If it is desired, provisions can be made for the pay- 
ment of interest on the money invested in this way. When this is 
done the assessments must be of sufficient size to take care of the 
interest as well as the principal. 

As a concrete illustration of this plan, let it be assumed that a 
cooperative nonstock creamery association, composed of 100 members, 
requires $5,000 to erect and equip the creamery. Hach member lends 
$50 to the association with the understanding that this amount will 
be repaid in annual installments so that the entire sum will be paid by 
the end of the fifth year, and that these loans are to receive 4 per cent 
interest per annum. A special assessment is levied on each pound of 
butter fat delivered to the creamery, of sufficient size to provide for 
the payment of the yearly installments on the loan, the interest, and 
also an additional amount to take care of depreciation. Yor this 
illustration, let it be assumed that 5 per cent per annum provides a 
sufficient reserve for depreciation. The total amount which will be 
provided annually by the special assessment then becomes $1,450. 
Of this amount, $1,000 is for the payment of the principal, $200 is 
for interest, and the remaining $250 is to provide a reserve fund for 
depreciation. 

37369°—18—Bull. 541——2 
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At the end of each year, each patron receives a statement or certifi- 
cate of indebtedness which shows the amount he has contributed. 
during the year, less his proportionate share of the interest and 
depreciation. In accordance with the plan previously outlined, 
these certificates will be taken up five years after they are issued. 
It will therefore be necessary to continue the special assessment for 
this purpose throughout the life of the association. In other words, 
$1,450 will be provided annuaily in this manner. 

It is important that sufficient provision for the creation of an 
adequate reserve fund for depreciation be made. Unless this is done 
the face value of the outstanding certificates soon will be greater than 
the assets of the organization. Of course, if provision for a reserve 
fund for depreciation is made in connection with the general operating 
expense, a charge for this purpose should not be included as a part of 
the special assessment. 

The payment of interest on the certificates is desirable because the 
patronage of each individual is hkely to fluctuate from year to year 
so that a member’s financial interest in the organization may not 
always be exactly in proportion to the use he makes of the organiza- 
tion. The payment of interest also will give retirmg members a 
return on their investment as long as they continue to hold a financial 
interest in the association. 

An objection that some may have to offer, to the revolving plan of 
financing a cooperative association, is that it requires a complicated 
system of bookkeeping. This objection is not serious for it must be 
remembered that the same records will be required in order to dis- 
tribute the patronage refunds, and the only additional labor will be 
in connection with the issuance and redemption of the certificates of 
indebtedness. 

For some classes of business and for some organizations this plan 
of financing may not prove practicable because of the effect it may 
have on the immediate returns to the farmer for his products. In 
such instances it may be advisable to extend the period of repaying 
the loans, or some other plan may be found more feasible. Thus, an 
organization may be incorporated for 20 years and loans be secured 
for this period. When the 20 years have elapsed, a reorganization 
will be necessary and the new organization will be incorporated for 
another 20 years if the business is to be continued. The old loans 
will be paid up and the new organization will obtain new loans. 
Adequate provision for depreciation should be made so that the 
organization will be in a position to pay up old loans in full when 
due. A fair rate of interest should be paid on such loans. 


SECTION 6 AND EXISTING ORGANIZATIONS. 


Associations which are already engaged in business and which are 
not formed in accordance with the provisions of section 6 of the 
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Clayton Act, will have to change their form of organization and the 
manner of conducting their business, if they desire to obtain the 
benefits of the exemption provided by that section. No hard and 
fast. rules for making this change can be laid down, as the exact pro- 
cedure depends largely on the laws of the State in which the organi- 
zation is incorporated. The first step should be to ascertain whether 
or not the State laws provide for the incorporation of organizations 
formed in accordance with section 6. If so, the details of the manner 
of changing from the existing form should be ascertained. The by- 
laws, of course, will have to be changed to comply with the new form 
of organization. It is likely that in most instances the old organi- 
zation will be dissolved and a new organization formed. If so, a new 
set of by-laws can readily be adopted. 

The questions arising in connection with the transferring of the 
property from the old association to the new organization are likely 
to prove perplexing in many cases, especially where the old organi- 
zation is formed on the capital-stock plan. There are various ways 
of adjusting this matter, and the best method will depend on the 
character of the organization and loeal conditions. A plan which 
may be followed where the value of each share of stock in the old 
organization is small and the shares are uniformly distributed among 
the members is to issue paid-up memberships in the new organization 
in exchange for the shares in the old and in this way eliminate the 
capital stock. Thus, if the value of a share in the old organization 
is $10 and each member has one share, the membership fee i in the 
new organization can be placed at $10. If the value of a share in the 
old organization is $25 and the annual fee in the new association is 
placed at $5, each shareholder may be eredited on his annual dues 
for five years. The difficulty hes in the fact that the shares of stock 
usually are not uniformly distributed. Thus, one member may have 
only 1 share and another member have 20 shares. In such a case 
the method outhned would prove impracticable. Should the mem- 
bership in the new organization be considerably larger than the old, 
it may be possible with the receipts from the membership fees of new 
members to purchase from the old members the extra shares, at their 
actual cash value, and cancel them. 

Where the property holdings are extensive and the capital stock is 
large, some other method of transferring the property is likely to prove 
more feasible. In some cases it may be found advisable not to dis- 
solve the old organization, but to let that corporation continue as 
the owner of the property. The new organization can then lease the 
property from the old asseciation, paying sufficient rental to provide 
for depreeiation and a fair rate of interest on the investment. If so 
desired, the old association ean be dissolved and the new association 
can purchase the property, when authorized as necessary for the 
conduct of its operations, paying for it on the installment plan. 
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Where two organizations are maintained, one in conformity with 
section 6 and the other in the form of a capital-stock organization, 
care should be taken to preserve the bona fide and absolute independ- 
ence of the two organizations. Otherwise, under such circumstances 
there is danger that this plan might be held to be a subterfuge. 


SECTION 6 ORGANIZATIONS AND STATE INCORPORATION LAWS. 


Many of the State laws relating to the incorporation of associations 
do not provide for the form of organization which is required by 
section 6 of the Clayton Act. While a large number of States have 
special laws for the incorporation of cooperative associations, only a 
few of them provide for the incorporation of cooperative sales agen- 
cies without capital stock. Itis not unlikely, however, that more of 
the States will enact appropriate incorporation laws in the near 
future! Itis possible to organize as a voluntary association—that is, 
without incorporation—but by so doing the organization loses the 
advantages to be gained from being incorporated. 

SECTION 6 AND THE STATE ANTITRUST LAWS. f 

While section 6 of the Clayton Act confers exemptions upon organi- 
zations, which live up to its requirements, from the operation of 
the United States antitrust laws, it must be kept in mind that that 
act neither supersedes nor affects the antitrust laws of the various 
States. The United States antitrust laws deal with interstate and 
foreign commerce only, while the State laws regulate commerce 
exclusively within the State. It is essential for everyone contem- 
plating the formation of an association, to secure information in 
regard to the State laws which have a bearing on the method of organi- 
zation and operation. 


ADOPTING THE BY-LAWS. 


When, the organization of a cooperative association is taken up, 
it 1s well to have several preliminary meetings at which the advisa- 
bility of organizing and the best form of organization can be dis- 
cussed. It is advisable to have an organization committee to con- 
sider and develop the plan of organization and method of operation 
suited to the needs of the community. This committee may also be 
of service in drawing up a set of by-laws for consideration. In this 
work the committee should avail itself of all the suggestions that 
can be obtained in regard to the form and contents of the by-laws. 
It is thought to be indispensable that this committee should have 
the benefit of competent legal advice in the performance of its duties, 
in order that there may be no question as to the legality of the con- 

1 Service and Regulatory Announcements No. 20 of the Office of Markets and Rural Organization, U.S. 


Department of Agriculture, suggests an appropriate State law for the incorporation of section 6 cooperative 
sales agencies. 
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templated organization and the methods to be employed in con- 
ducting its business. The committee should not forget that the 
by-laws ought to be a working plan for the organization and there- 
fore should aim to include in them all points of importance. The 
local conditions are not exactly the same in any two places and 
therefore such conditions must be considered carefully in drafting 
the by-laws. 

The by-laws prepared by the committee should be considered care- 
fully by the members at a general meeting. At this meeting it is 
advisable that the by-laws first be read through without interruption 
or discussion, so that those present may get a general idea of the 
plan proposed, before taking up the various points in detail. After 
such reading, the by-laws should be considered very carefully. They 
should be taken up one section at a time, and ample opportunity 
should be given for discussion and for making any changes that may 
be desirable. After each section of an article has been discussed, 
it is best to vote on the question of adopting that article, before 
soing on to the next. When each article has been considered and 
passed upon, the matter of voting on the adoption of the by-laws as 
a whole is merely formal. 

The member who acts as chairman at the meeting should be a 
capable presiding officer in order to expedite matters, as the work 
of adopting the by-laws may prove long drawn out unless care is 
taken to see that the discussion is restricted to the vital point then 
under consideration. If the discussion is allowed to digress too 
much, not only does a lengthy meeting result, but it is more difficult 
for the members to keep their minds concentrated on the important 
points. On the other hand, care must be taken not to create a 
feeling that the by-laws are being rushed through, without allowing 
an opportunity for full and free discussion. 


CAUTION THAT THE DEPARTMENT’S VIEWS OF LAW ARE NOT 
CONCLUSIVE. 


Effort has been made to draw the accompanying by-laws in such 
form that they will be suitable for organizations desiring to comply 
with the provisions of section 6 of the Clayton Act. While effort 
has been made to shape each provision. so that it may be in harmony 
with law, nevertheless, those who contemplate using the material 
should be cautioned of the necessity for care on their part also. 
The antitrust laws are not committed to this department for admin- 
istration. It has no power to give an authoritative ruling as to 
their meaning. Indeed, the final interpretation of these statutes 
rests with the courts. It is suggested that those who desire to make 
use of these by-laws should act in reference to the matter upon the 
advice of competent counsel of their own choice. 
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SUGGESTED FORM OF BY-LAWS FOR A COOPERATIVE NONPROFIT 
MARKETING ASSOCIATION FORMED WITHOUT CAPITAL STOCK. 


The following suggested form of by-laws provides for nonprofit 
agricultural associations, formed without capital stock. These 
by-laws should be regarded as merely suggestive and should be 
changed to meet the individual needs of the association. 

The notes following some of the sections are merely explanatory 
and, of course, are to be omitted in the by-laws adopted by the 
organization. 


BY LAWS OF THE [HERE INSERT NAME OF ASSOCIATION]. 
ARTICLE I.—NAME. 


Section 1. This Association shall be known as the [Monroe County Cooperative 
Fruit Association], and shall be incorporated under the laws of the State of [New York]. 
Its principal office shall be located in the town of [Hilton, State of New York]. 

Note.—The name should indicate the territory covered and the class of products handled as for 
instance, the ‘‘Maine Potato Shippers’ Exchange,” “Richmond Egg Circle,” etc. Some ofthe State 
cooperative laws provide that the word “cooperative” shall form part of the name of organizations 


incorporated thereunder. Practically all associations should be incorporated under the laws of the 
State in which they are located. 


ArtieLeE I].—Ossects. 


Section 1. The objects of this Association shall be to encourage better and more 
economical methods of production; to secure better results in grading, packing, 
marketing, and advertising the products of its members; to buy supplies In a coop- 
erative way; to hire, buy, build, own, sell, and control such buildings and other real 
and personal property as may be needed in the conduct of its operations; to cultivate 
and develop the cooperative spirit In the community, and to perform any other work 
which may tend to the betterment of the members and the general benefit of the 
neighborhood. 

Novre.—Make the objects as definite as possible. It is also well to make them suffieiently broad in 
seope to cover any future eZorts of the association. Care should be taken to state the objects so as to 


keep the activities within the limits of the power conferred by the statute under which the association 
is incorporated, as wellas in harmony with the articles of association. 


ArticLE II].—MEMBERSHIP. 


Section 1. Any [bona fide grower of farm products, in any territory tributary to 
the shipping points of this Association] may become a member of the Association 
by agreeing to comply with the requirements of these by-laws. 

Sec. 2. Upon his entering into such an agreement and paying the membership fee, 
the Association shall issue a certificate of membership to the applicant. Such cer- 
tificate of membership shall not be transferable. 

See. 3. At any time that the Board of Directors determines that a member has 
ceased to be a bona fide grower of farm products, his membership shall be terminated 
and his membership certificate shall be canceled. 

Nore,—Phere may be conditions where it would be wise to limit membership to those who have been 
recommended by the Board of Directors or who have received a two-thirds vote ofthe members present at 
any meetmg. In some localities there are persons who are continually finding fault with the way things 
are managed and such people make undesirable members. Organizations desiring to eomply with tho 
requirements of Section 6 of the Clayton amendment of the antitrust laws should be made up entirely 
of farmers. 


1 All matter appearing in brackets is simply suggestive, and is to be altered to suit the best interests of 
each individual association. 
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Articts IV.—Fisean YEAR, Mentinas. 


Section 1. The fiscal year of the Association shall commence [January 1] and end 
on [the 31st of the following December]. 
Norr.—Whenever possible, the fiscal] year should end after the close of one season’s business and before 


theopeningofthenext. Thus,agrainelevator usually hasits fiscal year ending in spring orearly summer 
when practically all of the work of handling the previous season’s business has been finished. 


Sec. 2. The annual meeting of the Association shall be held at the office of the 
Association, in the town. of [Hilton, New York,] on the [second Monday in January] 
in each year, at [10 o’clock a. m.]. 

Norse.—The annual meeting showld be held as soon after the end of the fiseal year as willallow for the 
settlement of all accounts, the auditing of the books, and the preparation of the annual reports of the 
officers. 

Sec. 3. Special meetings may be called at any time by the President. He shall 
call such meetings whenever [ten] members shall so request in writing. 

Sec. 4. Notice of the annual meeting shall be mailed by the Secretary to each 
member at least [one week] previous to the date of the meeting, and such notice shall 
be published in a local newspaper not less than [one week] previous to the date of 
meeting. At least [five] days before the date of any special meeting the Secretary 
shall mail notice of such meeting to each member, which Geel state the nature of 
the business to be transacted at such meeting. 


ARTICLE ¥V.—QuUoRUM 


Section 1. [One-fifth] of the members in good standing shall constitute a quorum 
for the transaction of business at any meeting. 


Norre.—When the organization is small and compact, the proportion required for a quorum may be 
larger than in a large erganization ineluding considerable territory. 


ArticLeE VI.—D1REcTORS AND OFFICERS. 


Snetion 1. The Board of Directors of this Association shall consist cf [seven] mem- 
bers, who shall be divided into three classes. After the adoption of these by-laws, 
the members shall elect from among themselves [three] directors of the first class for 
a term of one year, [two] directors of the second class for a term of two years, and 
[two] directors of the third class for a term of three years. At the expiration of the 
terms of the directors so elected their successors shall be elected in like manner for 
terms of three years. Directors shall hold office until their successors shall have been 
elected and qualified and shall enter upon the discharge of their duties. 

Notr.—iIn some States the corporation laws stipulate the number of directors and officers an asso- 
ciation shall have. The plan of having each shipping station or district represented on the Board of 
Directors tends to avoid jealousies between the various districts, and strengthens the confidence of thosa 
attempting to cooperate. Some object to having a director hold office for more than one year, believing 
that the board might be so objectionable to the members that it would be desirable to elect an entirely 
new board at the annual meeting. However, there are many advantages in keeping some experienced 
directors on each beard. Im case the entire board shouid go contrary to the wishes of tae members, tha 
recall of each director could be efiected under section 6 of this article. 


Sec. 2. The Board cf Directors shall meet within [ten] days after the first election, 
and after each annual election, and shall elect by ballot a President and a Vice President 
from among themselves, and a Secretary-Treasurer [or a Secretary and a Treasurer] who 
may or may not be a member of the Association. They shall also choose three audi- 
tors from the members, not Directors, officers, agents, or employees of the Association. 
Such officers and auditors shall held office for one year or until their successors are 
duly elected and qualified. 

NortEe.—Some organizations desire to have someone outside the membership act as seeratary or treas- 


urer, as for instance a local banker. When such an arrangement is desired, it should be provided for 
in the by-laws. 
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Sec. 3. Any vacancy in the Board of Directors shall be filled, for the unexpired 
terms, at any annual meeting, or at any special meeting called for the purpose, in the 
manner provided for the original election of directors. 

Sec. 4. [Four] members of the Board of Directors shall constitute a quorum at any 
meeting of the Board of Directors. 

Sec. 5. [The compensation, if any, of the Board of Directors and the officers shall 
be determined by the members of the Association at a regular or called meeting of 
the Association. ] 

Sec. 6. Any director or officer of the association may, for cause, at any annual 
meeting or at any special meeting called for the purpose, at which a majority of the 

members shall be present, be removed from office by vote of not less than two-thirds 
of the members present. Such director or officer shall be informed in writing of the 
charges at least [five] days before such meeting and at such meeting shall have an 
opportunity to be heard in person, by counsel, and by witnesses, in regard thereto. 


NoTE.—In some cases, especially when the Board of Directors is large, it is desirable to have an execu- 
tive committee. Such a committee can be made up of the officers and one or two other members of 
the Board. 


ArticLE VII.—DUTIES OF THE DIRECTORS. 


Section 1. The Board of Directors shall manage the business and the affairs of the’ 
Association and make the necessary rules and regulations, not inconsistent with law 
or with these by-laws, for the management of the business and the guidance of the 
officers, employees, and agents of the Association. 

Sec. 2. The Board of Directors may employ and dismiss for cause a Business Man- 
ager, and fix his compensation. Heshall have charge of the business of the Association 
under the direction of the Board of Directors. 

Sec. 3. The Board of Directors shall require the treasurer and all other officers, 
agents, and employees charged by the Association with responsibility for the custody 
of any of its funds or property to give bond with sufficient surety for the faithful 
performance of their official duties. 

Sec. 4. The Board of Directors shall meet on the [first Saturday] of each month at 
the office of the Association in the town of |Hilton, New York]. Special meetings of 
the board shall be held upon call of the President or upon written request of [three] 
members of the board. 


Articte VIII.—Duties oF THE OFFICERS. 


Section 1. The President shall— 
(a) Preside over all meetings of the Association and of the Board of Ditecbate 
(b) Sign as President, with the [Secretary-Treasurer], all checks, notes, deeds, 
and other instruments on behalf of the Association. 
(c) Call special meetings of the Association and of the Board of Directors. 
(d) Perform all acts and duties usually required of an executive and presiding 
officer. 
Sxc. 2. In the absence or disability of the Presidert, the Vice President shall pre- 
side and perform the duties of the President. 
Sec. 3. The [Secretary-Treasurer] shall— 
(a) Keep a complete record of all meetings of the Association and of the Board 
of Directors. 
(b) Sign as [Secretary-Treasurer], with the President, all checks, notes, deeds, 
and other instruments on behalf of the Association. 
(c) Serve all notices required by law and by these by-laws. 
(d) Receive and disburse all funds and be the custodian of all the property of 
the Association, 
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(e) Keep a complete record of all business of the Association and make a full 
report of all matters and business pertaining to this office to the members 
at their annual meeting and make all reports required by law. 

(f) Perform such other duties as may be required of him by the Association or 
the Board of Directors. 


NotrE.—When the offices of Secretary and Treasurer are separate, the duties of each should be given 
in separate sections. 


ArticLE [X.—DutTiEs AnD PowERS OF THE MANAGER. 


Srcrion 1. Under the direction of the Board of Directors, the manager shall employ 
and discharge all employees, agents, and laborers. He shall secure information as to 
crop and market conditions and furnish the same to the members on request. He 
shall encourage the production of the best varieties of products demanded by the 
trade. He shall, as may be required by the Board of Directors, conduct packing 
schools in order that growers may become trained in the best methods of grading, 
packing, and labeling their products. He shall have charge of the grading, packing, 
and inspection of all products handled by the Association and shall have control of 
the brands and labels and their use on such products, in accordance with the rules of 
the Association. Subject to the terms of the contracts made by the members with 
the Association for the marketing of their products, the order of the Board of Directors, 
and the by-laws and rules of the Association, the manager shall have entire charge of 
of the sale and marketing of such products. 

Note.—The manager is the most important officer and his power must be limited as little as possible. 
He can not be held responsible if he is to be dictated to at will by each member or if the officers are to 
meddle constantly with his work. This does not imply that the manager should be a dictator. He 
should take the suggestions of the officers and members and from them and his own experience he should 
construct a business plan. Whenever a manager loses the confidence of the members, he should be 
replaced with a manager who possesses that confidence. The duties of a manager differ with the differ- 
ent forms of organization and kinds of business. Therefore the duties here outlined must be considered 
as Suggestive. Each association should redraft this provision to suit its purposes. Organizations like 


creameries and cheese factories may find it advisable to insert an article relating to the duties of the 
buttermaker or cheesemaker, as in such organizations the duties of the manager usually are more limited. 


ARTICLE X.—MErMBERSHIP FEE AND FINANCE. 


Section 1. Each member shall pay in advance to the Association a membership 
fee of [$5] and annual dues of [$1]. 

Sc. 2. At the time of uniting with this Association or at any time thereafter, when 
called upon by the Board of Directors, each member shall loan an amount to be fixed 
by the Board, not less than [$10] nor more than [$100] in cash to the Association to 
be used in building warehouses or other necessary buildings, and the lease or pur- 
chase of lands therefor, or in securing necessary equipment. 

Sec. 3. Such loans shall draw interest at the rate of [4] per cent per annum. 

Sec. 4. Such loans shall be repaid from a special fund created by levying a per- 
centage assessment on the produce sold and supplies bought through the association, 
the amount of such percentage to be fixed by the Board of Directors, which amount 
shall be sufficient to pay [one-fifth] of the entire loan and the interest thereon in each 
year. 

Sec. 5. At the end of each fiscal year each member shall receive a certificate show- 
ing the amount of money which he has contributed that year to the special loan fund 
levied on his produce and supplies. After the original loan has been paid in full, 
the special assessments shall continue and the holders of such certificates, out of the 
proceeds arising therefrom, shall be paid the amounts due thereon in the same man- 
ner and form as was the original loan, and this process of repayment shall continue 
during the life of the Association. 


Nore.—This article describes a method suggested for nonstock organizations in securing the necessary 
capital for the building of warehouses or the purchasing of equipment, inasmuch as no money is secured 
by the sale of shares of stock. In organizations where only a small outlay for equipment is required, 
the membership fee can be made sufficiently large to provide the necessary capital. 
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ARTICLE XI.—EMERGENCY CAPITAL. 


Section 1. At the time of uniting with the Association, or at any time thereafter, 
when called upon by the Board of Directors, each member shall deliver to the Asso- 
ciation a negotiable, promissory note, payable on demand, to the order of the Asso- 
ciation. Such note shall be for the sum of [$25] and an additional [$1] for each acre 
of crops to be grown by the member, the products of which are to be marketed through 
the Association. But in no case shall this note be for a less sum than [$35]. 

Src. 2. These notes shall be the property of the Association for the purpose of being 
pledged by the Board of Directors as collateral security for any loan that may be 
necessary in the conduct of the Association’s business. Any member’s note may also 
be available in the settlement of any liquidated damage that may result from the 
failure of said member to live up to his contract with the Association. 

Note.—This article is intended to supply capital which is needed only for short periods, as, for instance, 
during the rush in crop-moving time and other periods when a supply of money is required. Organiza- 
tions that have a surplus fund for such a purpose may not find it necessary to include this article in their 
by-laws. If any member knows that the association holds his note, which may be sold to settle any 


liquidated damage, caused by his breach of contract, it probably will cause him to be more careful 
about living up to that contract. 


ArtTICcLE XII.—GRaADING AND INSPECTING. 


Section 1. All products grown by the members for sale through the Association 
shall either be graded and packed on the grower’s premises, in accordance with the 
rules of the association, subject to such inspection as may be established by the Board 
of Directors, or shall be delivered to the Association, as directed by the manager, in 
prime condition for grading, packing, and shipping. 

Sec. 2. All produce offered for shipment shall be inspected before shipment. If 
any produce is not in good condition for shipping, such produce shall be sorted, and 
prepared for shipment at the expense of the owner. 

Sec. 3. All brands, labels, and trade-marks established by the Association shall be 
registered and become its property, and they shall be attached only to such grades 
as shall be ordered by the Board of Directors. 


Note.—The rules for grading and inspection will necessarily depend on the organization and the kind 
of business engaged in, and this should be kept in mind when drawing up the by-laws. 


ARTICLE XIII.—Contracts AND AGREEMENTS. 


Section 1. Every member of this Association shall enter into a contract with the 
Association in the form required by the Board of Directors, subject to the following 
provisions: 

(a) That the member, by said contract, appoints the [Monroe County Cooperative 
Fruit Association] his sales agent to sell all products grown by him for sale, or such 
part thereof as shall be satisfactory to the Board of Directors, as shall be specified in 
the contract, and binds himself to deliver such products to the [Monroe County 
Cooperative Fruit Association] for sale at such time and place as the Association 
directs. 

(b) That said contract shall run continuously unless canceled by the member on 
[March 1] of any year by giving written notice to the Association at least [thirty] days 
prior to said date that he desires to cancel his contract, subject to any indebtedness 
due from him to the Association and delivering his copy of the contract to the Asso- 
ciation on or before the [first day of March]. 

Note.—No cooperative association should attempt to do business without first having made a definite 
contract with each member. The manager can not be expected to work to advantage, unless he has 
definite knowledge of how much of the various kinds of products he is expected to market, and this 


knowledge should be in his possession early in the season. Unless a member is willing to bind himself 
under an enforceable contract, he can not expect his association to transact business to his advantage. 
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Articte XIV.—Duties anp Riaguts or MEMBERS. 


Section 1. A member shall have the right to give away or retain for his own use 
such of his farm products as he may wish, but he shall not sell any product contracted 
to the Association to an outside party, except products offered to and rejected by the 
Association. 

Src. 2. In case any member is cffered a price in excess of the price then obtainable 
by the Association, said member shall turn over said offer to the Association for filling 
from said grower’s goods. 

NotE.—This provision is necessary to prevent an outside disgruntled dealer from making a, false 
offer, to test a member’s loyalty and arouse dissension, with the idea of disrupting the organization. 
Allowing the organization to handle this offer compels the mischief-maker to make good on his offer; 
the grower gets the boosted price, if the dealer does not back down, and the organization handles the 
deal, and sois strengthened rather than injured. One or two such experiences have usually discouraged 
this very common form of outside interference. 

Sec. 3. Each member shall have a number or mark which shall be permanently 
stamped on every sack, box, barrel, crate, basket, or other package packed by him or 
under his direction, for shipment through the Association. Any loss occasioned by 
improper packing or grading shall be charged to the member whose mark is found on 
gaid package. 


Src.4. Products packed on the grower’s premises shall be inspected as they are being 
packed by an Association inspector. He may be employed and paid by the grower 
to assist in packing, but he shall be held accountable alone to the Association for his 
inspection work. His own private mark shall be placed upon each package he packs 
or inspects and he shall be held jointly responsible with the grower for the pack as it 
may be disclosed in the final market, ordinary deterioration excepted. 

Sec. 5. On or before [April 1] of each year each member shall report to the Associa- 
tion the acreage of products to be grown by him that year and the acreage the products 
of which he promises to market through the Association. During the growing season, 
each member shall furnish such information, concerning the crops pledged to the 
Association, as may be requested by the manager. 


Note.—This section is intended for organizations handling perishable products such as fruit and 
vegetables, where it is important to know the volume of business to be handled. 


Sxc. §. Each member of the Association shall have only one vote. This shall not 
be exercised except when all debts and dues owed by him to the Association have 
been fully paid. Voting by proxy shall not be permitted. Except in case of the 
removal of a director or officer, as provided in Article VI, section 6, of these by-laws, 
absent members may vote on specific questions by ballots transmitted to the Secre- 
tary of the Association by registered mail, and such ballots shall be counted only in 
the meeting at the time at which such vote is taken. 


Note.—In a stock company, which is organized to earn profits on the money invested in the business, 
@ member votes in proportion to the number of shares he holds, but a true cooperative association is 
based on theindividual member, a number of whom unite to do something in which they have a common 
interest. Inthe former, money controls; in the latter,men. While there may be cases where the voting 
power of the members may be made in proportion to the acreage of their products, it will generally be 
found that any attempt to vary the voting power of members will be unwise. The practice of allowing 
a member to collect the proxies of absent members and vote the same tends to give a single member 
powers in the association, which are too dangerous to be allowed. 

In some of the largest nonprofit cooperative associations it has been felt that it was neither fair nor 
wise to demand that the large producing member should be held to the same vote as a small producing 
member, as their responsibility and liability are so unequal. In such a case the voting power of mem- 
bers may be proportioned according to the amount of their products or acreage handled through the 
Association. 


Sec. 7. Any member may withdraw from the Association at any time between [the 
first day of January and the first day of the following March]; but such withdrawal 
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shall not affect any right or lien which the Association has against the retiring member 
or his property until his indebtedness to the Association is fully paid. 

Norte.—The time of withdrawal should be so fixed as to take effect some time between the close of 
one season’s business and the opening of the next. To permit a member to withdraw during a busy 
marketing season will result in confusion and may seriously handicap the manager in filling his contracts. 
Sec. 8. Any member having a grievance or complaint against the Association may 

appeal to the Board of Directors [or to the members at any regular or called meeting]. 
No member shall be suspended or expelled or deprived of the benefits of the Associa- 
tion without having charges preferred against him, reasonable notice thereof having 
been given and a hearing before the Board of Directors [or by the members at a 
regular or called meeting]. 


ArticLeE XV.—INDEBTEDNESS, MEMBERSHIP LIABILITY. 


Section 1. The amount of indebtedness which may be incurred by or on behalf of 
this Association shall at no time exceed [$20,000]. 

Sec. 2. Each member shall be responsible for his per capita share of all contracts, 
debts, and engagements of the Association up to and including the maximum in- 
debtedness prescribed in section 1 of this article; but if any member’s share of such 
contracts, debts, and engagements shall prove to be uncollectible, each remaining 
member shall be responsible, as his additional liability, for such unpaid share or part 
thereof to an amount equal to such member’s original liability. No member shall 
be liable to the Association for any contract, debt, or engagement arising out of any 
specific transaction between the Association and any member or members thereof in 
which he does not participate, unless and until the association shall have exhausted 
every legal recourse and failed to enforce satisfaction from the member or members 
participating therein. In all cases any member who, voluntarily or otherwise, con- 
tributes to the payment of the debt or obligation of another member or other mem- 
bers shall have an action, several or joint as he may elect, against such defaulting 
member or members for reimbursement. 


Novre.—Section 2 should be changed to agree with the requirements of the laws under which the 


organization is incorporated. 
ARTICLE XVI.—EXPENSES AND PAYMENTS. 


Section 1. The expenses of operating the Association shall be met by a percentage 
charge laid upon returns for produce sold or by a uniform fixed commission per package 
and by a percentage charge upon supplies purchased, the amount of such charge to 
be fixed by the Board of Directors. 

Sec. 2. Except in cases provided for in Article XIV, section 2, in making sales, 
all produce of the same grade shall be paid for on the basis of the average price received 
during such periods as the Board of Directors from time to time may determine. 
Payments for such produce shall be made to the shippers at the end of each period; 
in all other cases, payment shall be made to the shippers on the receipt by He Associa- 
tion of the returns for the sale of the produce. 

Note.—It is important that prices should be averaged on products of the same grade, in order to deal 
with all members fairly. If prices are not averaged, one man may receive a higher price than his neighbor 


for shipments of the same quality made on the same day, and this would create dissatisfaction and dis- 
trust among the members. 


Articte XVII.—CooprerRATIVE PURCHASE OF SUPPLIES. 


Section 1. All merchandise purchased by the Association for any member shall 
be paid for in cash by the member ordering such supplies at the time of ordering the 
same, or the proper credit arranged for with some bank, approved by the Board of 
Directors, at the time of ordering. 

Nore.—Without such a provision an organization purchasing supplies for its members may find that 
some of the members will refuse to take supplies ordered or else will not pay promptly. A cooperative 
organization should extend credit to no one, unless it is amply secured. 
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Sec. 2. In case there are local dealers handling the supplies desired, they shall be 
given an opportunity to bid on the order before it is placed with an outside agency. 


Nore.—In the cooperative plan of buying farm supplies, the local dealer should be considered. The 
merchant who in the past has extended credit and rendered other valuable services should be favored 
when there is cash to be expended. The cooperative committee should go to‘such local firms and 
explain that their members are in condition to perform certain services which formerly were rendered 
by the dealers, and, in view of their less exacting requirements, they expect to save to themselves the 
price formerly charged for that work. 


ArticLeE XVIII.—Savines AND DAMAGES. 


Section 1. After the season’s expenses are paid and a proper sum set aside to cover 
the depreciation of the Association’s property and aiter provision is made for a contin- 
gent fund to be fixed by the Board of Directors, the balance of the season’s savings 
on products sold shall be divided among members and nonmember patrons, if any, in 
proportion to the amount [or value] of their products sold, and the balance of the 
season’s savings on supplies purchased shall be divided in like manner. In case of a 
nonmember patron, any part of such sums of money owing him as such, may be applied 
to the payment of membership fees and dues for him, and, if so applied, when such 
fees and dues are fully paid a membership certificate shall be issued to him. When 
any nonmember offers his product and the Association accepts it for sale, such offer 
and acceptance shall be deemed an application for membership. 

Src. 2. Any member who fails to live up to his agreement, or fails or refuses to 
deliver to the Association for sale the pledged products, shall pay to the Association, 
as liquidated damages, the sum of [25 cents] for each [barrel of apples] not delivered 
by him; said sum may be deducted from any money in the possession of the Associa- 
tion due the member. Any such claim shall be a lien upon the member’s loan note. 

NotE.—Some State courts have held that a stipulation for liquidated damage was void in the contract 
between the member and the Assoqiation, because it appeared that it was employed as a mere device to 
enforee a contract which was made in restraint of trade. These decisions were rendered prior to the 
passage of the Clayton amendment to the United States antitrust laws. It is now thought that State 
legislatures may authorize cooperative agricultural associations, which conform to the requirements of 
section 6 of the Clayton amendment, to embody in their contracts with their members a stipulation for- 
liquidated damages, which will not offend the antitrust laws ofthe State or of the United States. 

Many organizations have failed because members were bound only by a verbal agreement, which is 


totally inadequate for a stable and enduring organization. The laws of the State should be studied to 
ascertain whether this clause in the by-laws for holding the members may be legally included. 


ARTICLE XIX.—AccouNTs AND AUDITING. 


Section 1. This Association shall install a standard system of accounts, and pro- 
vide other accounting appurtenances that may be necessary to conduct the business 
in a safe and orderly manner. 

Notr.—The Bureau of Markets has devised systems of accounts for several lines a cooperative busi- 
ness, such as grain elevators, fruit organizations, creameries, live stock shipping associations, and stores. 

Rieepanetion in regard to systems of accounts may be obtained by writing to the Bureau of Markets, 

United States. Department of Agriculture. 

Src. 2. The books and the business of the Association shall be audited [quarterly] 
by the auditors selected from the membership. A complete annual audit shall be 
made by a competent accountant previous to the date of each annual meeting, at 
which meeting his report shall be presented in full. Special audits shall be made 
upon order of the Board of Directors or upon a majority vote of the members at any 
regular or called meeting. 

Src. 3. The Association shall endeavor to cooperate with other farmers’ cooperative 
associations in this locality in securing the services of a competent accountant for its 
annual audit. 

NotE.— While small associations may not feel the need of such a strict system of investigating their 
accounts, it will pay to have this work done often and most thoroughly. Ifthe Association business is 
being conducted carelessly, frequent audits will make it known and better methods may be adopted 
before any great loss occurs. The cost of employing an expert accountant is more than balanced by the 


confidence which it gives the members and the effectual way in which 1t stops the criticism of fault 
finders. 
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ARTICLE XX.—AMENDMENTS. 


Section 1. These by-laws may be amended at any meeting by a two-thirds vote 
of the members present, provided, that notice of such proposed amendment is in- 
cluded in the call for said meeting. 


SUGGESTED FORM OF BY-LAWS FOR A COOPERATIVE MARKETING 
ASSOCIATION FORMED WITH CAPITAL STOCK. 


Organizations which are formed with capital stock should replace 
Articles III, X, XV, and XVIII of the suggested by-laws for organi- 
zations without capital stock with the following articles: 


ArticLE IIJ].—MEmMBERSHIP. 


Section 1. Any [bona fide grower of farm products in any territory tributary to 
the shipping points of this Association] may become a member of the Association 
by agreeing to comply with the requirements of these by-laws and purchasing at 
least [one] share of capital stock. 


Note.—See note following Article III of the by-laws for organizations without capital stock. 
ARTICLE X.—CapiraL Stock. 


Section 1. The capital stock of this Association shall be [$5,000], divided into 
[500] shares of [$10] each. No member shall hold more than [10] per cent of the 


- capital stock of the Association. 


Note.—The amount of capital stock should be large enough to finance the organization adequately. 
When fixing the share value, the importance of a large membership should not be overlooked and the 
value should be such that a large number will purchase shares. On the other hand, the share value must 
not be placed at so low a figure that the organization will not be financed adequately. 


Sec. 2. Transfers of shares shall be made upon the books of the Association only 
when the stockholder is free from indebtedness to the Association. 

Sec. 3. A stockholder desiring to dispose of his shares of stock must first offer 
them to the Association through the Board of Directors, at market value. 

Note.—This provision, if desired, must be provided for in the Articles of Incorporation to make it 
legal. To allow outsiders to purchase Association stock may result in the transfer of the control of the 
organization to those who are opposed to its continuance. If the Association does not purchase stock 
offered for sale or find a purchaser for it, the owner can not be prevented from selling it to anyone he 
may choose. 

ArticLE XIII.—Contracts AND AGREEMENTS. 


Norr.—In the case of a capital stock organization or one which is in any sense a profit-making organi- 
zation, the contract made between it and its member, relating to the sale of his products, should provide 
in express terms that the member retains the right to fix the price at which his products shall be so!ld 

‘and to sell his products to an outsider at such price as he may determine upon, provided the sale is mado 
through the Association. 


ARTICLE X V.—INDEBTEDNESS. 


Section 1, The amount of indebtedness which may be incurred by or on behalf 
of this Association shall at no time exceed [$20,000]. 


ArticLe XVIII.—Rerunps AND DAMAGES. 


Srotion 1. After the season’s expenses are paid and the proper sum set aside to 
cover the depreciation of the Association’s property, the balance of the season’s surplus 
shall be divided as follows: 

(a) The stockholders shall receive not to exceed [6] per cent per annum on the par 
value of their stock. 
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(6) One-half of the balance, if any, shall be set aside as a surplus fund to increase 
the working capital or to finance future improvements until such fund shall equal 
at least [25] per cent of the paid-up capital. 

(c) The remainder, if any, shall be divided so that the distribution to nonmembers, 
if any, shall be at one-half the rate paid to members and that part of such remainder 
derived from sales of products shall be divided in proportion to the amount [or value] 
of the products of members and nonmembers sold and that part of such remainder 
derived from purchases of supplies shall be divided in like manner. 

Sec. 2. [Same as section 2 for Article XVIII for nonstock organizations. ] 

Note.—Some of the States have laws which provide specifically the manner of apportioning the 
earnings, and it is therefore important to ascertain the requirements of the law in the State where the 
association is being incorporated in order that this article may be drawn in conformity therewith. In 
States where it is permissible to pay patronage dividends to nonmembers, some organizations have 
adopted the plan of paying patronage dividends to nonmembers at one-hali the rate to members and 


crediting this to the account of the nonmember as payment on a share of stock. When this amount 
equals the value of a share the nonmember becomes a member. 
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THE POLLINATION OF THE MANGO. 
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INTRODUCTION. 


In attempting to establish mango culture upon a commercial basis 
in southern Florida, the Department of Agriculture has introduced 
during the last 25 years a large number of varieties from India and 
other important mango-growing regions. In fact, the Tropics have 
been searched for the best mangos which they produce, and it is 
probable that the collection now growing in Florida embraces many 
of the best varieties in cultivation. 

The fruiting habits of some of these varieties, however, have not 
been satisfactory. Several of them fruit very sparsely except in 
occasional seasons. The Mulgoba, the best variety of all from the 
standpoint of quality of fruit, has yielded a good crop on an average 
once in four years. Even at best, some of the varieties seem in- 
capable of producing heavy crops of fruit. 

Contrasted with these conditions, most of the common seedling 
mangos of southern Florida and tropical America are enormously 
productive and rarely fail to produce a crop. 

Numerous explanations have been offered to account for this 
defect of the choice introduced varieties, but so far as known no 
investigations have been made with the definite object of determining 
the precise cause or causes of unfruitfulness and of finding some 
remedy. A few years ago the trouble was attributed to anthracnose 
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(Colletotrichum gloeosporioides Penzig), a fungus which frequently . 
attacks the young flower spikes and destroys them. Its activities 
are largely dependent upon weather conditions, being greatest when 
the air is warm and moist, with frequent showers. This question 
was studied by McMurran.! Sometimes the flowers appear in dry 
weather and escape unharmed, but a few days of showery weather 
later on may provide favorable conditions for the development of 
the fungus, and the young fruits may be destroyed or badly disfigured 
and deformed. In some-seasons trouble from this source is relatively 
slight, in others serious. 

Allowing for injury from this cause, which is an important factor 
in the production of mangos, it was believed that there must be 
other factors responsible for many of the crop failures of the Mulgoba 
and other varieties. Several Indian and West Indian writers have 
suggested that defective pollination might be one of the most im- 
portant factors, and it was for the purpose of determining its precise 
importance that the investigations herein described were under- 
taken at Miami, Fla., in 1915 and were continued in 1916. In 
connection with any studies such as this on the pollination of fruit- 
bearing trees, two papers by M. B. Waite? should be examined. 


THE MANGO FLOWER AND ITS POLLINATION. 


It has been affirmed by Hartless* that the mango is largely, if 
not solely, wind pollinated. Other writers have also advanced the 
opinion that the wind is an important agent in effecting pollination. 

It seems evident, however, that the mango has none of the charac- 
teristics of an anemophilous plant, but, on the other band, presents 
well-developed adaptations to insect pollination, so that it may be 
considered truly entomophilous. The amount of pollen which 
reaches the stigmas was found to be slightly greater in one instance 
on a very windy day; but this undoubtedly was due to the brushing 
of one flower against another or against the surrounding foliage, 
the panicles being thrashed violently about. 

Some of the principal characteristics of an anemophilous plant 
are that (1) the pollen is abundant, compensating for the enormous 
waste in transport; (2) the pollen grains are dry and incoherent, so 
that they are easily carried by the wind; and (3) the stigmas are 
commonly large and bushy and freely exposed, so as to have every 
chance of catching the floating pollen grains. The mango has none 

sper Fea 8. M. The anthracnose of the mango in Florida. U.S. Dept. Agr. Bul. 52,15 p., 4 fig., 
4ph. 1914, 
Woe M.B. The pollination of pear flowers. U.S. Dept. Agr., Div. Veg. Path. Bul. 5, 110 p., 5 fig., 


12 pl. 1894. 
Pollination of pomaceous fruits. In U.S. Dept. Agr. Yearbook, 1898, p. 167-180, fig. 32-44. 


1899. 
3 Hartless, A.C. Mango crops and some factors influencing them. Jn Agr. Jour. India, v. 9, pt. 2, 
p. 141-159. 1914, 
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of these characteristics; it produces comparatively few pollen grains, 
often not more than 200 in an anther, and never more than 1,200 
in any that were examined; and it must be remembered that this 
represents the total number produced by one flower, since there is 
commonly but one fertile stamen. The pollen grains show a decided 
tendency to cling together, especially in damp weather; and even 
on bright, sunny days it was found difficult to dislodge them from 
the anther by subjecting them to the full draft of an electric fan for 
30 minutes, most of the grains still clinging to the anther at the 


end of that time. The stigma is exceedingly small and not pro- 


vided with projections of any sort to assist in catching pollen. 

On the other hand, the production of honey for the attraction of 
insects shows a distinct adaptation to insect pollination. The 
structure of the flower is such as to entitle it, apparently, to be 
placed in Miiller’s biological class “A”’, or “flowers with freely 
exposed honey.” Flowers of this class are visited by insects of 
several orders, from the short-tongued Coleoptera to the long- 
tongued Lepidoptera, and members of both these orders, as well 
as of Diptera and Hymenoptera, have been observed on mango 
flowers, as will be described later on. 


STRUCTURE OF THE FLOWER. 


The mango is polygamous and produces its flowers on terminal 
panicles varying in length from a few inches up to 2 feet, each panicle 
carrying from 200 or 300 up to more than 4,000 flowers, of which 
only 2 or 3 per cent are perfect in some instances; in others as many 
as 60 or 75 per cent. (PI. 1.) The character of the panicle and 
the number of flowers produced upon it vary with different varieties, 
as also the length of time they remain in bloom. Some varieties re- 
main in flower but 10 days, others for nearly 2 months, and on one 
panicle of the Sandersha 4,200 flowers were counted which opened 
at the rate of 20 to 240 a day, extending over a period of 40 days. 

The individual flower ? is subsessile, 6 to 8 millimeters in diameter 
when the corolla is outspread, the calyx composed of five ovate- 
lanceolate, finely pubescent, concave sepals and the corolla of five 
elliptic lanceolate to obovate-lanceolate petals, 3 to 4 millimeters 
long, whitish. with three or four fleshy orange ridges toward the 
base, and inserted at the base of a fleshy, almost hemispherical 
disk, obscurely 5-lobed and usually about 2 millimeters in diameter. 
In the perfect flower the disk is surmounted by a globose-oblique 


1Miller, Hermann. Alpenblumen ... p. 485. Leipzig, 1881. 

Knuth, P. E.O. W. Handbook of Flower Pollination ...v.1,p.64. Oxford, 1906. 

2 The structure and development of the mango flower have been briefly discussed by Burns and Prayag. 
(Burns, W., and Prayag, 8S. H. Notes on the inflorescence and flowers of the mango tree. In Poona 
Agr. Col. Mag., March, 1911.) 
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ovary 1 millimeter broad, with a slender lateral style about 2 milli- 
meters high. To one side and inserted upon the disk is the single 
fertile stamen, composed of a slender subulate filament about 1.5 
millimeters long, surmounted by an oval, purplish red anther 0.5 
millimeter long, which dehisces longitudinally. (Pl. Il.) Occasion- 
ally two such stamens are produced. The whorl is completed by 
staminodes of varying prominence, short and subulate in some 
varieties, larger and capitate in others, some even becoming fertile 
and producing a few pollen grains. In the staminate flower the 
ovary is wanting. 
ANTHESIS AND LIFE OF THE FLOWER. 


Anthesis may take place at any time of the day or night, but it 
seems to be most frequent early in the morning. Usually a large 
number of buds will be seen to be opening about 6 or 7 o’clock and 
if the weather is clear the petals will be fully expanded and the 
anthers dehisced by noon. On exceptionally warm, bright days 
the anthers sometimes dehisce before the petals are fully expanded. 
Other flowers may open later in the day, and a few during the night. 

The stigma has every appearance of being in a receptive condition 
immediately after anthesis, and in favorable weather retains its fresh 
appearance for about two days. At the end of this time the pistil 
usually commences to turn brown toward the stigmatic end, and the 
Ovary May commence to swell and assume a darker green color. 
In many flowers, however, the ovary swells but little, the flower 
drying up and falling off on the third or fourth day. 

In flowers which have opened before noon, the pollen usually 
remains clinging to the anther for several hours, gradually being 
brushed off by insects or eventually falling. Sometimes much pollen 
will be left upon the anther until the second day. If the flower is 
staminate, usually it willshrivel and fall by the third day. Conditions 
seem to be vastly more favorable for pollination immediately after 
anthesis than at any later time, because of the larger amount of 
pollen present. No indications of heteracmy were observed, the 
stigma appearing to be receptive as soon as the flower opens, 
usually not more than an hour or two before the anther dehisces. It 
remains receptive for some time. 

POLLINATION. 


In spite of the close proximity of anther and stigma, the transfer 
of pollen from the former to the latter does not seem to be accom- 
plished easily. Both the stamen and the pistil retam an erect 
position throughout, and the pollen as it is shed usually falls upon 
the base of the ovary or upon the disk rather than upon the stigma. 

The normal method of transferring the pollen from the anther to 
the stigma must be through the agency of insects. The white, 
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INFLORESCENCE OF THE BRINDABANI MANGO. 


This Indian variety produces larger panicles than many others, the length of the one here shown 
PIOueES 14 inches. (Photographed by Wilson Popenoe at Miami, Fla., April 7, 1916; 
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FLOWERS OF THE WHITE ALFONSO MANGO. SLIGHTLY ENLARGED. 


Apex of a panicle, showing the character of the individual flowers, some which show the ovary 
style, and stamen indistinctly. In this variety the perfect flowers are the first to open (at least 
toward theapex of the panicle), and are followed later by many staminate ones. (Photographed 
by Wilson Popenoe at Miami, Fla., April 7, 1916; P16703FS.) 
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tumid disk secretes a thick, sweetish fluid which stands out upon 
its surface in small globules, collecting in larger quantities at the 
bases of the petals. Insects are attracted to this nectar by the 
fragrance of the flowers, presumably, and their visits are numerous, 
especially during the early hours of the day, from daylight until 9 or 10 
o’clock a.m. Many insects were observed feeding upon this nectar, 
and after their visits it was found that there was practically none of it 
left upon the disk. In moving over the flower in order to get at all 
sides of the disk, it is almost impossible for an insect of any consider- 
able size to avoid brushing against the anther and dislodging some of 
the pollen, and in this way transferring the pollen to the stigma, since it 
is sufficiently rough to cling to the body of the insect and its transport 
can be effected. It is evident, however, from the comparatively 
small number of stigmas pollinaged that large quantities of pollen are 
not carried on the bodies of insects, and this belief was confirmed by 
observation. Examination of meade taken from the fiowers has never 
revealed more than seven or eight pollen grains clinging to their 
bodies, and not more than one to three or four grains were usually 
found. The pollen itself is not very abundant, and the number of 
grains which become attached to the body of each insect visitor is 
certainly not large. 

Of the principal insects observed upon the flowers of the mango in 
the vicinity of Miami it is necessary to treat in some detail. Those 
which were captured during the months of March, April, and May, 
1915, when most of the mangos were in bloom, and have been 
identified by the Bureau of Entomology, through the courtesy of 
Dr. L. O. Howard, Chief, represent the four orders Diptera, Hymen- 
optera, Lepidoptera, and Coleoptera, rankmg about im the order 
given as to the importance and frequency of their visits. The flies 
are the only insects which are nearly always present upon mango 
flowers at any time of day. As they are not so active as some of the 
Hymenoptera and remain upon a single flower for a longer time, 
they are scarcely so conspicuous in the early morning as some of the 
latter, which on sunny mornings can be seen buzzing about the trees 
in considerable numbers. The commonest fly which was taken on 
mango flowers was Ravinia sp., an insect shghtly larger than the 
common house fly, with a grayish body. Somewhat less common 
were two species of Sarcophaga, with bodies about 1 centimeter in 
length, the thorax longitudinally striped with black but the general 
color grayish. A bluebottle fly (Lucilia caesar L.) and another 
bluish green species slightly larger than a house fly, the screw-worm 
fly (Cochliomyia macellaria Fab.), were not common, but a few 
specimens were taken. Still less common were two very large flies, 
one a horsefly (Tabanus americanus Forst.) which was seen upon the 
flowers occasionally, and another (Volucella esuriens Fab. var. 
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mexicana Macq.) a bluish black species with a very broad body about 
1.3 centimeters long, which was seen only once or twice. 

Among the Hymenoptera one of the most important was the honey- 
bee (Apis mellifera L.); yet this msect did not appear to visit the 
mango with much regularity, being found in considerable numbers 
at certain times but scarcely coming near the trees on other days, and 
only observed in certain sections, presumably where apiaries were 
near by. Perhaps the irregularity of its visits may be due to the fact 
that it does not find much honey on the mango flower and visits it 
only when there is a scarcity of other material. The mdustry with 
which the honeybee goes from flower to flower, systematically work- 
ing over the surface of the disk with its proboscis to obtain all the 
nectar present, at the same time turning its body around im a circle 
and almost of necessity coming in contact with the anther in its cir- 
cuit of the disk, makes this insect one of the most effective pollinating 
agents. 

Two other Hymenoptera which visit the mango with great fre- 
quency are Stenodynerus sp. and Stenancistrocerus bifurcus Rob., small 
wasps with rather slender dark-brown bodies, which in most sections 
were found more commonly than the honeybee. (Gorytes sp. is an- 
other small wasp somewhat similar in appearance to the last and 
about as common; Cerceris sp. is smaller and was found much less 
commonly. A somewhat larger wasp, with a particularly promment 
head, Hypocrabro 10-maculatus Say, and a smaller and lighter col- 
ored one, Tachytes sp., are two others which were occasionally found. 
Of the larger wasps, several visited the mango with great frequency, 
especially during the early morning hours, but it is doubtful whether 
they are as effective in transferring pollen as the honeybee, the smaller 
wasps mentioned above, and flies, since their long legs usually keep 
their bodies at some distance from the essential organs of the flower. 
A small species, Arachnophroctonus sp., is probably the most com- 
mon one observed and was seen with great regularity, though not in 
such numbers as several of the smaller wasps. Palmodes abdominals 
Cress., Chalybion coeruleum L., Polistes crinitus Fab. var., P. rubigi- 
nosus Lep., and Sceliphron cementarium Dury are others which were 
taken, but these probably did not have a great deal to do with polli- 
nation. 

The sole lepidopteran which was collected on mango flowers was 
the coontie butterfly (Humaeus atala Poey), a species very common 
in southern Florida and one for which the mango seems to possess 
considerable attraction. Several dozen specimens were noted on a 
single tree at one time, and some of them were seen taking up the 
nectar from the disk with their long probosces. Several of these but- 
terflies were examined to see if pollen could be found clinging to their 
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bodies, and although a few grains were nearly always present no con- 
siderable quantities were ever seen. 

While four beetles were taken on mango flowers, one of them with 
considerable regularity, it is doubtful whether any of the Coleoptera 
plays an important part in pollination. The common species was 
Euphoria sepulcralis Fab., a grayish black, clumsy insect with a broad 
body about 1 centimeter long. Chauliognathus marginatus Fab., a 
slender, much smaller, and more active insect, was seen in one locality 
on several different occasions. Pachnaeus opalus Oliv., a pale-green 
species slightly under 1 centimeter in length, was taken only once, as 
was also Chrysobothris chrysoela Ul, a small black species with six 
shining red spots on the wing cases. It is doubtful whether either of 
these has a bearing on pollination. 

In spite of the visits of the above-mentioned insects, a large pro- 
portion of the stigmas are unpollinated, and it seems probable that 
very little pollen is transferred from one flower to another, most of the 
stigmas probably receiving pollen from the anther of the same flower. 
Hxaminations were made of numerous flowers to determine the num- 
ber of pollen grains which had lodged on the stigma. For this purpose 
those flowers were chosen in which all, or practically all, of the pollen 
had. been shed from the anther, but in which the stigma had not yet 
commenced to turn brown. Such flowers had every opportunity 
to be pollinated and where they were found to be unpollinated at that 
time there was very little chance of their being pollinated at all, since 
the stigma would have soon been past the receptive stage. An exam- 
ination of 429 such flowers gave the following results: 


Number. Number. 
Stigmas unpollinated..............-...-- 223 | On which 4 grains were found.......... 26 
On which 1 grain was found...........-.. 84 | On which 5 grains were found......... 13 
On which 2 grains were found............_ 47 | On which 6 grains were found.......... 5 
On which 8 grains were found............ 26 | On which 7 to 10 grains were found..... 5 


The flowers examined were taken from trees in. different sections 
around Miami and under widely differing weather conditions, so that 
the results probably can be considered a fair average of normal 
pollmation for thisregion. Differences were noted in the comparative 
abundance of pollination on different days and different trees, of 
course, but with one exception these seemed scarcely important 
enough to warrant notice. After a rather strong wind which blew 
for about two days, a higher per cent of pollination was found on 
the Sandersha variety than at any other time. Coupled with this 
was the presence of large quantities of foreign matter on the pistils, 
principally fine particles of sand. The flowers had been thrashed 
about considerably in the wind, and more pollen had reached the 
stigmas than was normally found in calm weather. 

In damp, cloudy weather the pollen grains swell and are much 
more difficult, to dislodge than when the weather is dry and sunny. 
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After a heavy dew they will be found in this swollen condition, 
but if not washed off the anther they will be found later in the day, 
if the sun has come out, to have resumed their normal dry form, 


oblong-oval. 
THE PISTIL. 


It has been suggested that some of the unproductive varieties 
might be found to have abortive pistils and hence to be incapable of 
being properly fertilized. For this reason the pistils of every avail- 
able variety were examined. The only difference noticeable among 
most of them was a slight variation in the width or expansion of the 
stigma; in some varieties the stigma is not expanded at all, being no 
wider than the style below it; in a few others it is commonly slightly 
expanded, and flattened on the upper surface. A V-shaped cleft is 
frequently visible in the outer edge of the stigma, extending down- 
ward in the form of a gradually narrowing groove and finally disap- 
pearing. In the freshly opened flower the pistil stands nearly erect, 
but the stigmatic surface is often slightly to one side and facing away 
from the center of the flower. Frequently the upper end of the style 
is curved slightly in this direction, especially when the flower com- 
mences to get old. 

On one tree only were the pistils found to be commonly abortive; 
this was a Mulgoba seedling on the Hugh Matheson place at Cocoanut 
Grove. On this tree many of the pistils were exceedingly short or 
almost entirely aborted, the rudiments of the style persisting in the 
form of a short point on the upper surface of the ovary. Some of the 
pistils seemed. to be normal, but a great many were in this abortive 
state and certainly incapable of being fertilized. 


PROTECTION OF POLLEN FROM DEWS AND RAINS. 


A frame was erected over one side of a young tree of the Julie 
variety and a canvas curtain placed over it every afternoon about 
4.30 o’clock and removed in the morning soon after sunrise. This 
curtain was also put over the tree whenever a shower threatened. 
One-half of the tree was left exposed to the elements as a check. 
It was thought that by protecting the flowers from rain, so the 
pollen would not be washed away, there might be a better chance of 
pollination. By carefully comparing the flowers on the covered and 
uncovered sides of the tree on days when the weather was fair or 
showery or there had been a heavy dew the previous night, it became 
evident that the protection afforded could not be of much practical 
benefit. The covering did not prevent the access of sufficient moisture 
to cause the pollen grains to swell and become sticky, and although 
it prevented the pollen from being entirely washed away by a 
shower it did not seem to have a great deal of bearing upon the aver- 
age of pollination. The cover was kept on for several weeks and then 
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removed entirely. There was no appreciable difference between the 
covered and the uncovered sides of the tree in the number of fruits 
produced. 

THE POLLEN. 


SHAPE AND CHARACTERISTICS OF THE POLLEN GRAIN. 


Tn its normal dry state the pollen of all varieties examined exhibited 
an oblong-oval form, slightly broader in some varieties and narrower 
in others, but approximating the same shape in all.. When mois- 
tened by being placed in water the grains immediately swell and in 
a very few seconds have become spherical in outline, but on being 
allowed to dry out they resume their oblong-oval form. Under the 
microscope the dry pollen grains exhibit one or two sutures extending 
longitudinally; these disappear when the grain is moistened and 
swells: The thick outer membrane, or extine, is rugose on the sur- 
face and contains four pores, through one of which germination takes 
place. These pores frequently show very plainly after the pollen 
grains have been in a culture medium for 24 hours, the intine often 
protruding slightly from each of them. There are slight differences 
in the form of the ungerminated pollen grains of different varieties 
after they have been left for several hours in the culture medium;. 
thus, it was noted that in some varieties the ungerminated grains 
commonly assumed a distinctly triangular outline, those of another 
variety were almost spherical, while those of still another were slightly 
oblate in form. 


NUMBER OF POLLEN GRAINS PRODUCED BY THE ANTHERS. 


-'The greatest variation was found in the number of pollen grains 
produced by the anthers, not only among different varieties but in 
different anthers from the same tree. The smallest number was 
found in the anthers of the No. 11 seedlings examined at the Royal 
Palm Nurseries, Oneco, Fla. The trees were just coming into bloom 
after rather cold weather, and the flowers did not appear to be strong. 
The anthers were in many cases rather weakly developed and con- 
tained only 35 to 100 pollen grains, 200 being the largest number 
counted. Later in the season more than 400 grains were counted in 
anthers from other trees of this same race. The highest number 
counted was about 1,200, in the anthers of the Mullgoa (not Mulgoba), 
a, variety in which staminate flowers greatly predominate and which 
produces more pollen than many others. An average number of 
pollen grains probably could be established for each variety and 
would be found to vary considerably in different varieties, some 
_ averaging not more than 400 or 500, while others certainly would go 
as high as 700 or 800. 

PN 344dse BUT, 54297 
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PROPORTION OF PERFECT AND ABORTIVE POLLEN GRAINS. 


On examination of the pollen of one variety in January it was 
found that some of the pollen grains were either small or appeared to 
be empty. Following up this observation, an attempt was made to 
determine whether the proportion of poor grains was larger in unpro- . 
ductive varieties than in productive ones and whether this question 
might have any bearing on the productiveness of a variety. 

Early in the season a much larger proportion of poor pollen was 
found than later on, when the weather was warm and the flowering 
normal. At the latter time no variety was found in which the num- 
ber of defective pollen grains would average over 8 or 10 per cent at . 
the highest, and usually it did not average more than 2 to 4 per cent 
of the total. The number varied greatly in different anthers of the 
same variety; thus, in the Bennett as much as 25 per cent of empty 
grains was found in one anther, but this was exceptional and the 
number of poor grains normally found in this variety was insignificant. 

Defective pollen grains are of two kinds: (1) Those which are under- 
sized and (2) those which are empty and appear as irregular, col- 
lapsed bodies of a darker color when seen under the microscope. 
Frequently there is considerable variation in the size of the pollen 
grains, many being somewhat smaller than normal and a few being 
very small. The average of every variety, however, shows a very 
small proportion of grains which are abnormal in appearance, the vast 
majority being uniform in size and shape, plump, and apparently 
perfect. 

ARTIFICIAL CULTURE OF THE POLLEN GRAINS. 

The method used in the artificial culture of the pollen grains was 
that of Max Pfundt.1’ Ona glass slide a small glass rmg was mounted ; 
a drop of the culture medium was then placed on a cover glass and 
this inverted over the ring, the edge of which had been previously 
ereased with vaseline to exclude the air. The bottom of the chamber 
inclosed by the glass ring was covered with the culture solution in 
order to keep the vapor tension within the chamber as uniform as 
possible and to avoid the slightest change in the concentration of the 
hanging drop. Pollen was sown upon this hanging drop, previous to 
placing it over the glass rmg, by taking a stamen upon which pollen 
was freely exposed, holding it in the forceps, and lightly touching the 
surface of the drop in several places. The culture thus prepared was 
labeled and between observations placed in a large glass moist cham- 
ber. Following the method of Pfundt, this moist chamber was kept 
in the dark. 

A considerable amount of experimentation was necessary before 
a successful culture medium was obtained. Cane-sugar solutions - 


1 Pfundt, Max. Der Einfluss der Luftfeuchtigkeit auf die Lebensdauer des Bliitenstaubes. Jn Jahrb. 
Wiss. Bot., Bd. 47, Heft 1, p. 6-33. 1909. 
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of densities varying from 1 to 75 per cent were tried, gelatine or 
leached agar-agar being added to them in varying amounts. Finally, 
it was found that the best results were obtamed with a sugar solu- 
tion of 25 per cent to which 0.5 per cent of agar-agar had been added. 
To make this, a 50 per cent solution of cane sugar was prepared and 
sterilized and then to 10 c. c. of this solution an equal amount of 1 
per cent leached agar-agar’ was added. The sugar solution was 
made up by weight, one-half ounce of cane sugar being added to 1 
ounce of distilled water. Before using the culture medium it was 
sterilized and after two or three days resterilized, repeating this 
process two or three times, after which a new solution had to be 
prepared. 

In solutions of a density less than 20 per cent many of the pollen 
grains burst within a few minutes, as they do in water, and in solu- 
tions of a greater density than 30 per cent no germination took place. 

The effect of temperature upon the germination of the pollen 
appeared to be of the greatest importance, and many failures during 
the early part of the work, when the nights were cold, can probably 
be attributed to this cause.? Later in the season a few experiments 
were made to determine the minimum temperature at which germi- 
nation would take place. Cultures were made as usual, six of one 
variety, and three of them placed in the ice box, the other three in 
the moist chamber at room temperature as a check. The result was 
that no germination took place at 55° F.; at 60° F. there appeared 


to be a feeble germination of a few grains; at 65° F. the germination | 


was a little better, but still below normal. The best results were 
obtained between 75° and 80° F., nearer 80° than 75°. No cul- 
tures were tried in a.temperature above 80° F., which was the highest 
_ reached in the moist chamber kept in the laboratory. It seems 
doubtful whether mango pollen can be expected to germinate nor- 
mally at a temperature below 60° F. 

As to the time required for germination, numerous cultures were 
examined at the end of 30 minutes, 1 hour, 2 hours, and so on, with 
the result that at a temperature of 76° F. the first signs of germi- 
nation were visible within 1 hour. At the end of this time the tubes 
had not yet reached a length equal to the diameter of the pollen grain, 
but at the end of 2 hours aod 15 minutes the longest pollen tubes were 
in length almost twice the diameter of the pollen grain. In order 
to give the pollen tubes time to develop to as great a length as pos- 
sible, most of the cultures were allowed to remain 12 to 24 hours 
before examination; at the end of this time development seemed to 


1 This material was obtained from Dr. Albert Mann. 
2The failure of McMurran to germinate mango pollen (MeMurran, S. M. , The anthracnose of the mango 


in Florida, U.S. Dept. Agr. Bul. 52, 15 p., 4 fig., 4 pl., 1914) may have heen due to cold weather at the 
time the attempt was made. 
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have ceased, as no further changes were produced by leaving the 
cultures longer. (Fig. 1.) 


‘RESULTS OF GERMINATION TESTS. 


By the method described, cultures were made of pollen from all 
the varieties which it was possible to obtain near Miami, including 


Fic. 1.—Pollen grains of seedling mango of No. 11 type after 24 hours in a 25 per cent sugar solution, 
showing the development of the tubes. Greatly magnified. 


several seedlings. The percentage of germination was in no case 
high and did not indicate that the superior productiveness of some 
varieties was due to the greater viability of the pollen. It was sig- 
nificant, in fact, that the best germination was obtained with a vari- 
ety which is markedly unproductive, the Mullgoa. In the seedling 
No. 11 race, also, a comparatively good germination was obtained 
in several instances, while the Mulgoba variety was one of the most 
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difficult of all to germinate. The percentage of grains which sent 
out pollen tubes varied from 0 to a little more than 50, but in the 
vast majority of the cultures would not average above 10 or 15 per 
cent. No pollen tubes developed to a length exceeding seven times 
the diameter of the pollen grain, and commonly they did not exceed 
four or five diameters. Without going into detail regarding the 
cultures, of which about 300 were made, it can be said that the 
germination of all varieties was very poor. While the percentage 
of germination was higher in some varieties than in others, it varied 
in the same variety upon different days, though the conditions were 
as nearly similar with regard to culture medium and temperature as 
it was possible to keep them. The percentage of germination and 
the vigor of the pollen tubes were greatly inferior to those obtained 
in cultures of the feijoa (Feijoa sellowmana), the lumbang (Aleurites 
moluccana), or several other plants which were tested. It has been 
pointed out by Prof. E. J. Kraus, however, that pollen germinations 
made under moist-chamber conditions do not necessarily indicate 
the germinability of the grains on the stigmas under optimum 
conditions. 
THE PRODUCTION OF FRUIT. 


The stigmas, as has been shown, receive no pollen in more than 
half the instances; and of those cases where they are pollinated, in 
comparatively few are there more than one or two grains upon each 
stigma. 

Under these conditions it was thought that the production of 
fruit might be increased noticeably if the stigmas were pollinated 
more abundantly; with ample pollination, even if some of the pollen 
grains were defective, a few capable of developing pollen tubes and 
reaching the ovum should reach each stigma. Working on this 
theory, a number of hand pollinations were made. 

On a 6-year-old tree of the Bennett variety at the E. B. Douglas 
place, Buena Vista, Fla., five panicles of flowers were selected for 
hand pollination, and on two days, April 28 and May 1, 1915, pollen 
from the same tree was applied to all the fresh stigmas on each pan- 
icle. The exact number pollinated on each panicle was as follows: 


I CLOUNOetliysy pliner caper tpn) «.- cee Efe ye A nore 30 stigmas. 
Eee) end Os. a ae er ae ee <2) ee a 25 stigmas. 
PAIMCLeMN GMO yee a teat cs, ne bec te tae 31 stigmas. 
4 2eRST KG) ay TNC Pee epi Sh Ae I PM 27 a a a 25 stigmas. 
PAmaclen Nga ees Gos: ha, oN Nhe SSIES 51 stigmas. 


These were not all of the perfect flowers on each panicle, but it was 
thought advisable to pollinate. only those stigmas which appeared 
to be fresh and in a receptive condition at the time the work was 
done. No fruits were carried on any of these panicles, though on 
May 21 about 60 well-formed fruits were counted on other panicles 
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throughout the tree. There were many panicles throughout the 

tree on which there were no fruits, aside from those which were hand- 

pollinated. 
Other hand pollinations (all with pollen from the same tree) were 
made in 1915, as follows: 

Mullgoa.—Panicle No. 1, all fresh stigmas, pollinated on six successive days. 
Panicle No. 2, all fresh stigmas, pollinated on five successive days. 

No fruits were carried on either one, although there were a few fruits on other 
parts of the tree. 

Malda.—One panicle, on which all fresh stigmas were pollinated on five successive 
days, 243 stigmas in all. No fruits set, and there were only two elsewhere on 
the tree. 

Kala Alfonso.—All fresh stigmas on one panicle, hand-pollinated on two successive 
days. No fruits set, and none elsewhere on the tree. Perhaps the tree was too 
young; this was its first year of flowering. 

White Alfonso.—One panicle, all fresh stigmas, hand-pollinated on three successive 
days. Set well, agreeing with the.other panicles on the tree. 

Amini.—One panicle, all fresh stigmas, hand-pollinated on four successive days. 
One fruit carried, agreeing with several other panicles naturally pollinated. 

Sandersha.—Two panicles hand-pollinated on several successive days. Set several 
fruits but carried none; behavior differed in no way from many others natu- 
rally pollinated. 


In general, it may be said that the quantity of fruit produced in all 
the above cases agreed with the average of other panicles on the tree 
which were not hand-pollinated. In other words, no appreciable 
effect was produced by applying an abundance of pollen to the stigmas. 

In 1916 this experiment was repeated on a small scale, and in addi- 
tion an attempt was made to determine whether or not cross-pollina- 
tion would increase the production of fruit; and an experiment was 
carried on to determine whether fruits would be produced without 
the pollination of the stigmas. This latter experiment was suggested 
by the investigations of Belling‘ who, studied young ovaries of the 
polyembryonic No. 11 race and found that all the embryos appeared 
to be adventive, no trace being seen of the fertilized egg cell and no 
traces of pollen tubes being found in the styles. This suggested that 
fertilization might not be necessary for the development of these 
polyembryonic mangos. 

In order to manipulate the flowers more readily and lessen the dan- 
ger of contamination, all the lower laterals were removed from the 
panicles operated upon in 1916, leaving only the flowers upon the 
upper 4 or 5 inches of the panicle. Working with the whole panicle, 
which may produce 4,000 flowers, it is next to impossible to insure 
that no anthers are allowed to dehisce or that some of the stigmas are 
not accidentally pollinated. The panicles were all inclosed in fine 
muslin bags stretched over a wire frame attached to the branch below 
the base of the panicle. 


1 Belling, John. Report of assistant in horticulture. Mango. Jn Fla, Agr. Exp. Sta. Rpt. [1907]/08, 
p. ex-cxxy, pl. 7-10. [1908.] a 
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A large seedling tree of the No. 11 race, growing on the property 
of Prof. P. H. Rolfs, at Buena Vista, near Miami, was selected for 
the principal experiments. On this tree two panicles were bagged, 
preventing the access of insects, and left to determine whether any 
fruits would develop without the agency of insects in effecting 
pollination. \The result was that no fruit developed. While the 
experiment was on a very limited scale, the No. 11 race is exceed- 
ingly productive and usually carries a large number of fruits on 
each panicle, so that a failure to carry any fruits is much more sig- 
nificant than it would be in such a variety as the Mulgoba. This 
experiment was conducted on several other trees, with the same 
result in every case. 

Two panicles on the same tree were bagged before any of the buds 
had commenced to open (as in the others), and as rapidly as the 
flowers appeared the stamens were removed before they had com- 
menced to dehisce. Emasculation was continued until the last 
flower had opened, and the bags were then left on until ample time 
had elapsed for the fruits to develop; but all dropped off, indicating 
that pollination is necessary, even though the egg cell may not 
develop into an embryo, as appears to be the case from Belling’s 


‘investigations. This experiment was tried in about 10 other in- 


stances, with the same result in each. Ina few cases fruits developed 
parthenocarpically to the length of about 1 inch and then dropped. 
Two more panicles on this tree were bagged for hand pollination, 
and as rapidly as the flowers opened the stigmas were pollinated 
with pollen from flowers on the same tree. On one panicle 36 stig- 
mas were thus treated, and on the other 30 stigmas. The first panicle 
carried seven fruits and the second two. This is somewhat more 
than the average of other panicles on the tree, considering the fact 
that only a small portion of the panicle was, allowed to develop, 
all the laterals having been removed. 

Two more panicles were bagged for cross-pollination and the 
flowers emasculated as soon as they opened, so that no pollen was 
liberated within the bag. Pollen of the Sandersha variety from a 
near-by tree was applied to all fresh stigmas once each day, a total of 
83 being pollinated in the first instance and 66 in the second. Seven 
fruits were carried by the first panicle and six by the second, a con- 
siderably larger number than is usually produced by an equal number 
of flowers on a panicle left to be pollinated naturally. Probably all 
of these fruits would not be carried to maturity. When last exam- 
ined, they were one-half to 1 inch long. 

Cross-pollination gave equally good results with other varieties. 
It was tried on the Madras variety, with the result that 8 fruits 
developed from 58 pollinations, the pollen being taken from a tree 
of the Cambodiana mango. The Alfonso, when pollinated by this 
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same variety, set 6 fruits from 47 pollinations. The Sandersha, 
pollinated by the same variety, set 10 fruits from 52 pollinations. 
The Paheri, pollinated by the same variety, set 2 fruits. from 59 
pollinations. Pollinated by the Sandersha, the Paheri set 17 fruits 
from 92 pollinations. 

Though the best results were obtained from cross-pollination, 
nothing has been found to indicate that any of the varieties are 
self-sterile. Both the experiments in self-fertilization and the 
behavior of many isolated mango trees in southern Florida and 
elsewhere indicate that the mango is normally self-fertile. 

From the fact that pollination ordinarily is scanty, it might be 
concluded that productiveness could be increased by msuring more 
abundant pollination. While this is perhaps true, a careful con- 
sideration shows this point to be of comparatively little practical 
importance. The total number of flowers produced is so enormous 
that it is usually of small consequence if half of the perfect ones fail 
altogether to receive pollen (Pls. III and IV). In practically all of the 
seedling mangos it has been observed that the trees often set many 
more fruits than they can carry to maturity, and this has been 
noted with the Bennett, Cambodiana, Haden, and other budded 
varieties as well. Possibly it might be of importance m the case of 
varieties producing a very small number of perfect flowers, such as 
the Mullgoa and the Jamshedi, but in the varieties which are being 
planted commercially in Florida the percentage of perfect flowers 
is satisfactorily large. 


FLOWERING HABITS OF THE MANGO, 


Different races and varieties of the mango exhibit well-defined 
characteristics of flowering, both with regard to flowering under 
adverse climatic conditions and with regard to the abundance of 
flowers produced and the length of time the tree remains in bloom. 
There are also marked differences in the proportion of perfect to 
staminate flowers in different varieties and in the distribution of the 
perfect flowers upon the panicle. 


REGULARITY OF FLOWERING. ’ 


There can be no doubt that the production of flowers is strongly 
influenced by the soil moisture during the normal blooming season. 
This fact has not only been noted by various observers in Florida, 
but has been recorded elsewhere. In some sections where the 
ground is low and continually moist, the mango rarely flowers, while 
in regions where there is a well-defined dry season corresponding to 
the normal flowering season, allowing the soil to dry out thoroughly, 
flowers are produced abundantly. From the behavior of the numer- 
ous varieties and seedlings in the vicinity of Miami, it is apparent 
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YOUNG FRUITS ON ONE PANICLE OF A PHILIPPINE SEEDLING MANGO. 


The seedling race of mangos known as the Philippine, or Filipino, is grown in Cuba and Florida 
and sometimes produces heavy crops, with many fruits to the panicle. The panicle here shown 
was pollinated naturally and shows the profusion of fruits which often develop. Many of these 
will drop, not more than four or five usually being matured. (Photograph taken by Wilson 
Popenoe at Herradura, Cuba, February 20, 1916; P16665FS.) 


Bul. 542, U. S. Dept. of Agriculture. PLATE IV. 


PARTLY GROWN FRUITS ON A SEEDLING MANGO OF THE PHILIPPINE RACE. 


A later stage than that shown in Plate III, many of the young fruits having dropped. The process 
of thinning will be carried farther, probably not more than four or five fruits eventually maturing 
os doe panicle. (Photographed by Wilson Popenoe at Herradura, Cuba, February 20, 1916; 

?16666F 3.) 
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that some are affected less injuriously by a wet soil than others. 
Most notable among those which flower under conditions somewhat 
unfavorable may be mentioned the Sandersha and the Julie of the 
srafted varieties and the No. 11 race among the seedlings. During 
the early spring of 1915, when the weather was unusually wet and the 
ground was scarcely allowed to dry out, all these came into bloom, 
while the Mulgoba and numerous other varieties failed to show any 
signs of bloom until the rains had ceased for a time and the wet spell 
had been followed by two weeks of dry, sunny weather. It is evident 
that in many varieties some check to vegetative growth, such as is 
given by a thorough drying of the soil, is necessary to encourage 
flowering. While conclusive evidence is lacking, it seems probable 
that fruit buds are not formed in the mango a long time in advance 
of the flowering season. This is in contrast to many temperate fruits, 
such as the apple, in which the fruit buds are formed during the 
summer, lie dormant over winter, and appear as flowers in the spring. 
In the mango no indication of tissue differentiation to form fruit buds 
has been observed in the vegetative cones of the young branchlets until 
a very few weeks previous to the appearance externally of the young 
panicle. Thorough drying of the soil a few weeks before the normal 
flowering season, therefore, should be efficacious in encouraging the 
formation of fruit buds, and in practice this has proved many times 
to be the case. : 

The necessary check tc growth sometimes is produced artificially 
in the Tropics by root pruning, hacking the trunk, or other means. 
It seems highly desirable, however, that the check be produced 
normally through the drying of the soil, and hence the best mango 
regions probably will remain those where the normal flowering season 
occurs at a time of year when the weather is usually dry. It is 
significant, however, that some varieties seem to require this check 
to a less degree than others, and this may make possible the cultiva- 
tion of choice varieties which will be much more regular in fruiting 
than the Mulgoba when grown under slightly adverse conditions. 


LENGTH OF FLOWERING PERIOD. 


In addition to flowering regularly, even when climatic conditions 
are somewhat unfavorable, another characteristic is important in 
connection with flowering, i. e., the length of time during which a tree 
remains in bloom. ‘This varies greatly in different varieties. Some 
will develop all their flowers within 10 days from the opening of the 
first buds; other varieties, such as the Sandersha and the Julie, keep 
on developing new panicles of flowers throughout several weeks, or 
even months, and in 1915 there was not a single day between the 
middle of January and the latter part of May on which flowers could 
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not be found on the Sandersha tree in the Plant Introduction Garden 
at Miami. This characteristic is of importance, in that it gives the 
tree a greater opportunity to set fruit; often the attacks of the 
anthracnose fungus are most severe when a tree is in bloom, and the 
entire crop of flowers is destroyed. In some varieties this means a 
crop failure, since the tree will not produce any more flowers during 
the season; but in the Sandersha (if early im the season) it would 
merely mean that the flowers which happened to be present at the 
time the fungus attack occurred would be lost and the flowers which 
appeared later might happen to strike more favorable weather, when 
the ravages of the fungus were less severe, and a crop of fruit result. 
Many of the seedling races possess the Shalit to flower a second time if 
one crop is destroyed by fungi. In fact, H. A. Van Hermann states 
that he has seen seedlings in Cuba flower four times during the winter 
and early spring months before they succeeded in setting a crop of 
fruit. The first three crops of flowers, coming at a time when the 
weather encouraged the growth of fungi, were lost and the tree was 
forced to bloom again. In case the first crop of flowers results in a 
good setting of fruit there is no further production of flowers during 
the season, according to Van Hermann. 


PROFUSION OF BLOOM. 


Sometimes the entire tree comes into bloom at one time, covering 
itself with flowers; again, one side of the tree may flower, while the 
rest of the tree shows no buds, or the flowering may be confined to a 
small section of the tree, which probably represents the branchlets 
arising from one main limb. This corresponds to the habit of growth 
exhibited by the mango, which is noted but not explained by 
Schimper.' Frequently the young branchlets over a small portion 
of the tree will come in flush while the rest of the tree is dormant. It 
was noticed during the season of 1915 that a number of Mulgoba 
trees produced flowers over only a small proportion of their surfaces. 
It might be expected that the remainder of the tree would flower at 
another time, but this is by no means always the case. 


PROPORTION OF PERFECT TO STAMINATE FLOWERS. 


It is true that some varieties which bear heavy crops are char- 
acterized by a large percentage of perfect flowers, while others which 
are known to be unusually regular in fruiting, although they may not 
produce such heavy crops, are characterized by a rather low per- 
centage of perfect flowers. 

The Philippine race, which sometimes produces enormous crops, 
with several fruits i each cluster, often has more perfect than 
staminate flowers. The No. 11 race, which also produces heavy 


1 Schimper, A. F. W. Plant Geography upon a Physiological Basis . . . 8389p. Oxford, 1903. 
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erops, with several fruits arising from a panicle, has a high percentage 
of perfect flowers. Most of the Indian varieties, which commonly 
mature but one fruit from a panicle of flowers, usually have a lower 
percentage of perfect flowers than either the No. 11 or the Philippine 
race of seedlings. The Haden, however, has ‘a large percentage of 
perfect flowers and retains the bearing habit of the Indian varieties, 
though occasionally it matures more than one fruit on a panicle. 
The Julie, which has a very high percentage of perfect flowers, com- 
monly matures but one fruit on a panicle. It seems very doubtful 
whether there is any correlation between the percentage of perfect 
flowers and productiveness. 

In some varieties, at least, the perfect flowers do not open con- 
tinuously during the time the panicle is in flower, but most of them 
appear with a limited period of time. This is illustrated by a 
count made of one panicle of Sandersha flowers, showing the number 
of perfect and staminate flowers which opened each day. (Table I.) 


Tasie I.—Count of one panicle of flowers of the Sandersha mango, showing period of 


opening. 
Flowers. Flowers. 
A A 
Date. Time.ot 3 Date. ee of Ls 
tami- ami- 
Perfect.| “hate, | Total. Perfect. nate. Total. 

April 
4.00 p.m. 0 19 19 GAs 3 1.00 p.m. 2 142 144 
-|. 3.30 p.m. 0 21 21 aD ae ¢ ee 10.30 a.m. 1 105 106 
LS Seana: 11.004. m. 1 119 120 
3.15p.m, 0 38 38 Ue) See 2.00 p.m. 0 127 127 
7.004a.m. 0 70 70 QE Ae we 1.00 p.m. 0 132 132 
1.30p.m. 0 40 40 Pie 1.00 p.m. 2 106 108 
2.30)p.m. 0 37 37 2D She ae 2.00 p.m. 2 95 97 
:| 3.15 p.m. 0 90 90 PEs Maier 1.00 p.m. 3 100 103 
1.00 p.m. 0 92 92 Deas eo 8.30 a.m. 151 115 266 
1.30 p.m. 0 104 104 PL OA 10.00 a. m. 152 96 248 
-- (12.30 p.m. 1 126 127 PA een ce tts 12.00 m.... 104 84 188 

.-| 3.15 p.m. 0 178 178 || May: 
=2/12.00m... 2 0 200 200 1s ign 3.00 p.m. 118 116 234 
1.30 p.m. 0 230 230 Se a it 3.00 p.m. 30 186 216 
12.30 p.m. 1 202 203 ee eae wee 11.30 a.m. 9 158 167 
1.30 p.m. 3 237 240 ig ea 1.30 p.m, 0 82 82 
2.00 p.m. 2 185 187 LORD SF 222 10.00 a. m. 0 8 8 


These figures give a total of 582 perfect flowers and 3,640 stami- 
nates, or a grand total of 4,222. 


DISTRIBUTION OF PERFECT FLOWERS ON THE PANICLE. 


When only a small number of perfect flowers are produced, as in 
such varieties as the Mullgoa, Kistapal, and Salamar, in which 5 to 
50 have been counted on one panicle, these flowers usually are pro- 
duced upon the apex of the main axis of the panicle, with often a 
few upon the uppermost lateral branches. As the proportion of per- 
fect flowers increases they are found farther down upon the panicle, and 
in many varieties they occur even upon the lowest lateral branches, 
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though it is very common for the lower laterals to produce nothing 
but staminate flowers and the perfect flowers to be limited to the 
laterals on the upper half of the panicle. 


SUMMARY. 


Attacking the problem of mango sterility from several angles, as 
herein outlined, it has been possible to eliminate several factors here- 
tofore generally believed to have some bearing on the question. 
Apparently the difficulty is not due to any morphological defect in 
the pollen or to defects in the mechanism of pollination. By the ex- 
clusion of these factors and from the observation of trees in Florida and 
other regions during several seasons, the conclusion has been reached 
that the problem is a physiological one, connected with nutritional 
conditions as influenced by changes in soil moisture and food supply, 
principally the former. While such factors as lack of pollinating 
insects and loss of pollen through excessive rains may at times have 
an injurious effect upon the mango crop, it seems safe to assert that 
the question of pollination is of comparatively little importance from 
a practical standpoint. Experiments have been undertaken, with 
the cooperation of Prof. E. J. Kraus, to test the practicability of 
inducing the formation of flower buds through ringing, girdling, and 
banding the limbs with wire. The work of Prof. Kraus at the Oregon 
Agricultural Experiment Station ' with pomaceous fruits has sug- 
gested various methods of this nature, and the results of these experi- 
ments with the mango will be watched with interest. At various 
times excellent results have been reported from ringing and girdling 
the mango, but systematically arranged experiments along this 
line have not been undertaken. It may be that ringing the mango 
should become a standard orchard practice, but it is hoped that 
from the present experiments it will be possible to learn more 
concerning the physiology of fruit setting in the mango and thereby 
establish other orchard practices, such as cultivation or pruning, best 
adapted to insure commercial crops of fruit. In Cuban experiments, 
fertilizers very rich in potash have yielded good results in the way of 
increased fruit production. It is to be hoped that such experiments 
as these will bring to light a practicable method of encouraging the 
formation of fruit buds on soils or under climatic conditions which 
normally tend to produce vegetative growth to the exclusion of 
reproduction. 


1 Kraus, E.J. The study of fruit-buds. Jn Oreg. Agr. Exp. Sta. Bul. 130, p. 12-21, fig. 15-23. 1915, 
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INTRODUCTION. | 


In most of the peach-growing sections of the eastern half of the 
United States the disease commonly called bacterial spot, or bacteri- 
osis, is becoming increasingly important, especially in the more 
southerly sections. It is impossible to give any estimate of the 
damage which it causes annually, (1) because it is mainly a disease 
of the foliage and (2) because of its great seasonal variation. It has 
been reported as occurring in practically the whole of the eastern 
United States, including Massachusetts, Connecticut, New Jersey, 
Delaware, Maryland, Pennsylvania, Michigan, Illinois, Indiana, Ohio, 
Kentucky, Tennessee, Virginia, North Carolina, South Carolina, 
Georgia, Alabama, Arkansas, Missouri, Nebraska, and Texas. As 
a rule, it is most serious in the more southerly peach-growing sec- 
tions, but during recent years many specimens from farther north 
were sent to the Bureau of Plant Industry for identification and 
for suggestions as to control measures. During the years 1914 and 
1915 the writer found the disease to be serious in the Ozark region of 
Arkansas, being surpassed in destructiveness only by scab and brown- 
rot. 


Norr.—This bulletin is of interest to peach growers in the eastern half of the United States and particu- _ A 
larly those of the more southerly parts of this section. It is also of interest to plant pathologists. ‘ ace i 
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DESCRIPTION OF THE DISEASE. 


Leaves, fruit, and twigs are affected, but the injury to the leaves 
usually is the most serious phase of the disease. 

The first indication of injury to the foliage is the appearance of 
small, nearly transparent, water-soaked areas. These are par- 
ticularly noticeable when a leaf is held between the observer’s eyes 
and the sun. Later, the spots enlarge, turn darker, and at length 
become dry and brittle. Then, as a final stage, they crack away 
from the living tissues and often fall out entirely, giving the leaf 
the so-called shot-hole appearance (PI. I, figs. 3 and 4). Sometimes 
a number of spots, especially those near the margin of the leaf, will 
coalesce, giving the leaf a burned or blighted appearance. Later, 
these dead areas, composed of several spots which have run together, 
may break away and fall to the ground, giving the leaf a peculiar, 
ragged appearance. Infections may be so numerous as to injure 
every leaf on the tree, they may be localized so as to affect seriously 
only the foliage of certain limbs, or the infection may be mild all 
over the tree, so mild at times as not to be especially important. 

Though the disease in its later stages on the leaves is difficult to 
distinguish from spray injury, damage by shot-hole fungi, and some 
other diseases, when it appears on the fruit, especially after it has 
passed the first stage of its development, it is not easily so confused. 
Minute spots, scarcely darker than the skin of the young fruit, denote 
the first appearance of the disease. These spots soon become some- 
what enlarged and gradually become darker in color. Later, as the 
fruit enlarges, small cracks appear in the diseased areas (PI. I, figs. 8 
and9). Beginning with this stage, the disease is most characteristic 
and is not easily confused with any other type of injury. Later, with 
further growth of the fruit, the cracks are extended, and finally several 
may run together, making long irregular fissures (PI. I, figs. 1 and 2). 
The flesh of the fruit is protected by the formation of a corky layer 
in these cracks, but nevertheless the fruit itself presents a ragged and 
irregularly cracked surface which, except in mild cases, renders it 
unfit for market. 

A grayish water-soaked spot is the first indication of the disease 
on the twigs of the current season. This soon becomes dark and later 
is sunken. If there are a number of infections close together they 
may coalesce, forming a rather large canker, which may persist, with 
rather abundant flow of gum. Plate I, figures 5, 6, and 7, shows 
advanced stages of the disease on twigs. 

Usually in the Ozarks the first infections on leaves, twigs, and fruit 
occur in May, or sometimes even earlier. The disease does not 
become conspicuous, however, until much later; in the Ozarks 
&bout the middle of June in the case of leaves and twigs and about 
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FRUIT, LEAVES, AND Twics oF ELBERTA PEACHES, SHOWING VARIOUS STAGES OF 


PEACH BACTERIAL Spor. 
land 2, Advanced stage of the disease on fruits that are nearly ripe; 


3 and 4, leaves showing 
late stages of the disease; 5, 6, and 7, bacterial cankers on twigs; 8 and 9, fruits showing 
earlier stages of the disease than are shown in figures 1 and 2. 
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July 15 in the case of the fruit. At these times the leaves are begin- 
ning to become ragged and shot holed and the affected fruits are 
showing conspicuous cracks. 

As far as the peach is concerned, the direct killing of twigs and 
branches is rare, and this phase of the disease is not in itself to be 
considered as very serious. The twig lesions are of importance, 
however, in that it is in these that the causal organism passes the 
winter. Orchards in which direct damage to the fruit causes much 
loss are also rather rare. It is the injury to the leaves, sometimes 
amounting to complete defoliation and often to 25 to 50 per cent 
defoliation, and the consequent damage to tree and fruit through the 
curtailment of the supply of plant foods which make this an important 
disease. 

CAUSE OF THE DISEASE. 

The disease is of bacterial origin and 1 is caused by Bactervum prum 
Erw. F. Smith.’ 

Smith? in 1908 first successfully inoculated the foliane of the 
peach with the organism which he had obtained in pure cultures 
from the plum. 

Rorer* in 1909 reported successful ieetlttiens on peach leaves 
with pure cultures of the organism from the same source. He also 
obtained the organism from twigs and described the disease on the 
fruit. 

Many successful cross inoculations were reported upon by Rolfs + 
in 1915, confirming the work of Smith and Rorer and establishing 
beyond doubt that the disease on foliage, fruit, and twigs is caused 
by the same organism. 

Bactervum prum is described as a short rod, occurring singly, in 
pairs, or sometimes in chains, motile by polar flagella, from 0.001 
mm. to 0.0018 mm. long and about half as wide. Warm, moist 
weather conditions, with the trees in a weakened state, due to previous 
injury by freezing, lack of pruning, lack of fertilization, etc., are most 
favorable for infection and subsequent growth of the causal organism. 


VARIETAL SUSCEPTIBILITY. 


Practically all varieties are attacked, at least to some extent, by 
this disease. The Elberta, the leading commercial peach, is very 
susceptible. It is very difficult to estimate the relative suscepti- 


1Smith, Erwin F. Observations on a hitherto unreported bacterial disease, the cause of which enters 
the plant through ordinary stomata. In Science, n.s., v. 17, no. 429, p. 456-457. 1903. 

2Smith, Erwin F. Occurrence of Bacterium pruni in peach foliage. In Science, n. s., v. 30, no. 763, 
p. 224. 1909. Abstract of paper read at the meeting of the Society of American Bacteriologists, December, 
1908. 

3 Rorer, J. B. A bacterial disease of the peach. Jn Mycologia, v.1, no. 1, p. 23-27. 1909. 

4Rolfs, F.M. A bacterial disease of stone fruits. N. Y. (Cornell) Agr. Exp. Sta. Mem. 8, p. 381-436, 
fig. 59-70. 1915. Literature cited, p. 435-436. 
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bility of different varieties, but the Bilyeu, Elberta, Carman, Cham- 
pion, Oldmixon, Sneed, and Waddell appear to be more susceptible 
than such varieties as the Hiley, Belle, Fox, Edgemont, Rivers, Early 
Crawford, and Salway. MRolfs' gives an extensive list of varieties, 
with estimates as to relative susceptibility and resistance. All 
varieties were found by him to be susceptible to some extent. 


CONTROL EXPERIMENTS. 


It was not until 1913 that the problem of control came directly 
before the Bureau of Plant Industry. During that year one section 
of an orchard in the Ozark region of Arkansas in which spraying 
experiments for the control of brown-rot and scab were being con- 
ducted suffered severely from an attack of this disease. Twigs, leaves, 
and fruit were badly infected, and no control by the spraying was 
apparent. It may be said both from the experiments of this bureau 
and from those of Rolfs that the sulphur mixtures (not lime-sulphur 
solution), which are the only known fungicides that can be used with 
safety on the peach during the growing season, will not control this 
disease. In Georgia in 1909-the writer noticed that trees which were 
in good growing condition, that is, which had been well pruned, 
fertilized, and cultivated, were practically free from the disease, 
whereas those which had been allowed to go without pruning, fer- 
tilization, and cultivation were to a considerable extent damaged 
by the disease. Similar observations were made in Georgia in 1912, 
but the disease did not then appear to be of sufficient importance 
to demand experiments in control. 

When, therefore, in 1913 it seemed desirable to work out proper 
means of control, the first things that suggested themselves were nat- 
urally pruning, fertilization, and cultivation. The writer’s observa- 
tions were further supported by a statement in the report of the 
Director of the Missouri Agricultural Experiment Station for 1912 
to the effect that in the case of winter-injured trees the plats fertilized 
with nitrogen were nearly free from the bacterial disease, while in 
adjacent unfertilized plats the damage was very great. 

During the seasons of 1914 and 1915 the same orchard in which 
the spraying. experiments had been conducted in 1913 was used 
for experimental work in the control of bacterial spot. This orchard 
consisted of a block of Elberta trees which was bounded on one side 
by aroad, on the second side by a cultivated field, on the third side by 
a meadow, and on the fourth side by an apple orchard. The disease 
had been particularly severe in the corner adjacent to the meadow 
and the apple orchard. Accordingly, the experiments were con- 


1 Op. cit. 
2 Mumford, F. B. Fertilizing peach trees. In Mo. Agr. Exp. Sta. Bul. 111 (Rpt. [1911]12), p. 247-248, 
1913. 
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ducted in that section of the orchard. The trees themselves had 
been well pruned and were of good average size. The soil was, 
in texture, good peach soil, but inclined to be somewhat lacking 
in natural fertility. 

In 1914 treatment was as follows: Plat 1, consisting of 18 trees, 
received 2 pounds of nitrate of soda per ae plat 2, consisting of 6 
trees, received 1 pound of nitrate of soda per tree; plat 3, consisting of 
12 trees, received 3 pounds of nitrate of soda per tree; plat 4, consist- 
ing of 18 trees, received 3 pounds of bone meal per tree; plat 5, con- 
sisting of 12 trees, received 6 pounds of bone meal per tree; and plat 
6, consisting of 12 trees, received 4 pounds of acid phosphate per tree. 
The fertilizer was applied on May 4 in aring or band about the trees, 
directly below the ends of the branches. The application of fertilizer 
was immediately followed by cultivation. 

On June 8 the disease was evident, though not as yet serious, in 
all the plats, including both treated and untreated trees. The 
amount of infection in all plats appeared to be about equal. Each 
plat had some trees which were next to the meadow, the grass of 
which extended nearly to the trunks of the trees. In all cases these 
trees, deprived by the meadow of their proper share of food materials 
and moisture, were the worst affected. By July 2 plats 1, 2, and 3 
(the nitrate plat showed few leaf infections except in the case of 
the trees close to the meadow. Even these, however, were much 
freer from the disease than were the untreated trees. The leaves of 
the unfertilized trees showed considerable injury, about 20 per cent 
of them being affected. Plats 4, 5, and 6 (the bone-meal and acid- 
phosphate plats) appeared to be somewhat better than the untreated 
portion of the orchard, but the difference was not nearly so striking 
as the difference between the nitrate-of-soda plats and the untreated 
trees. 

By the end of the season the untreated trees had lost fully one- 
third of their leaves. Of the remaining leaves, about 30 per cent 
showed some injury from the disease. On the nitrate-of-soda plats 
_ there was little defoliation from the disease, and few leaves showed any 
infection. Most of the injury was on the trees next to the meadow. 
The leaves of the trees in these plats were large and possessed the 
dark-green color characteristic of healthy peach leaves, which is the 
usual effect of fertilizing peach trees with nitrate of soda. Plats 4, 5, 
and 6 (the bone-meal and acid-phosphate plats) were in somewhat 
better condition than the untreated plats, but not especially so. It 
will be noted that, while at the beginning of the season injury from 
the disease was slight and about the same in all the plats, it later in- 
creased and became commercially important only on those plats 
which had not received the nitrate-of-soda treatment. 
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During 1914 there was no fruit on any of the trees in this orchard, 
the fruit buds in the peach orchards of northwestern Arkansas having | 
been killed by low temperatures in January. 

The experiments. of 1915 were conducted in the same orchard as 
were those of 1914. Plat 1, consisting of 34 trees, was treated with 
nitrate of soda at the rate of 2 pounds per tree; plat 2, consisting of 
24 trees, was treated with nitrate of soda and dried blood at the rate 
of 14 pounds of the former and 1 pound of the latter per tree. Six 
trees between these two plats were left untreated and were con- 
sidered as checks, as was also the remainder of the orchard. 

Owing to the press of other work, the fertilizers were not applied 
until May 22. The orchard had been cultivated a week before and 
Was again cultivated on June 1. The trees had bloomed on April 25 
and had set a good crop. 

On June 10 there was very little of the disease on the nitrate plats, 
but considerable was beginning to show on the untreated plats. 
The large dark-green leaves of the nitrate plats were in sharp con- 
trast to the relatively pale leaves of the unfertilized plats. By June 
30 the contrast was much greater, as the disease had given a ragged 
appearance to the foliage of the untreated plats, while the nitrate 
plats remained nearly free from infection. : ue 

On August 5 the fruit was just beginning to ripen. On certain 
limbs of the untreated trees there was considerable injury to the 
fruit, though not enough to be of importance commercially. The 
fruit of one limb, for instance, would be badly affected, while that of 
the remainder of the tree would be free from injury. There was 
almost no injury to the fruit of the nitrate plats. 

By the end of the season the difference in the appearance of the 
foliage of the nitrate plats and the untreated ones was as great as 
during the previous season. The difference between this damage 
and the total damage caused by the bacterium was about the same 
on both the fertilized and unfertilized trees as during the previous 
season. There was no perceptible difference between plats 1 and 2 
in so far as the amount of infection was concerned. Eight of the 
fertilized trees which bordered on the meadow were considerably 
more affected than the others in the same plats, but were infected 
much less than the unfertilized trees. 

During both years the nitrate plats included the trees which during 
1913 suffered the heaviest infection. Sixteen of the trees treated 
with nitrate of soda in 1914 were included in the nitrate plats in 1915. 
These, however, showed no superiority, in so far as resistance to the 
disease was concerned, over those which had not received fertilizer 
during the previous year. In the experimental plats of both 1914 
and 1915 the sole difference in the treatment of the plats, including 
the check plats, was one of fertilization. All had been given the 


CONTROL OF PEACH BACTERIAL SPOT. Th 


same amount of pruning and cultivation and received throughout the 
two years exactly the same treatment except as to the fertilization 
outlined in these experiments. It is evident, therefore, that the 
striking differences noted were due to the nitrate of soda alone. The 
larger amount of infection on the trees of all plats growing next to 
the meadow, upon which the grass was encroaching, indicates that 
cultivation was generally beneficial to all the plats. “Rolfs,1 in Mis- 
souri, obtained good results in the control of this disease by means of 
cultivation, pruning, and the use of nitrogenous fertilizers. In those 
regions of the South in which the disease has been serious, nitrogen 
appears to be the most deficient of the important plant-food 
materials.” 

These experiments indicate that, at least in the South, peach 
orchards which are kept in good growing condition are not liable to 
suffer from the disease to any serious extent. Proper pruning, cul- 
tivation, and fertilization so increase the resistance of the trees that 
the causal organism is unable to attack them successfully. 

Pruning, besides benefiting the tree in general, may also remove 
many of the twig cankers in which the bacterium passes the winter, 
thus eliminating many of the sources of infection. 


SUMMARY AND CONCLUSIONS. 


(1) The peach bacterial spot, also known as bacteriosis, caused 
by Bacterium pruni, occurs in practically all peach-growing regions 
of the eastern half of the United States. It is most serious in the 
more southerly parts of this region. Bactervwm pruni also causes a 
disease of the plum, affecting especially the Japanese varieties. 

(2) Twigs, fruit, and leaves are affected, but the most serious 
injury is to the leaves. ? 

(3) Experiments carried on by the writer and others indicate that 
the disease may be kept in check in southern peach orchards by 
proper pruning, cultivation, and especially fertilization. Nitrate of 
soda was by far the most efficient fertilizer used. Trees in which a 
high state of vigor and health is maintained are commercially 
resistant to the disease. 

' 1Op. cit. 


2 Fora discussion of peach tillage and fertilization,see Gould, H. P., Growing peaches: Sites, propagation, 
planting, tillage, and maintenance of soil fertility, U.S. Dept. Agr., Farmers’ Bul. 631, 24 p., 7 fig. 1915. 
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INTRODUCTION. 


Spruce is one of the most important woods in the Eastern United 
States. It grows on large areas in pure or nearly pure stands, is 
distributed over many of the Northern States, and extends into the 
southern Appalachians at the higher altitudes. It is used more than 
any other wood in the manufacture of paper, and supplies a large 
amount of lumber and other material. 

Various methods of forest management for spruce have been 
adopted by large lumber and pulp companies, of which spruce often 
forms the principal cut. The chief purpose of this bulletin is to 
formulate definite systems of forest management for various con- 


ditions.! 
USES OF SPRUCE. 


Harly in the history of the first New England settlement spruce 
became established as a valuable wood in shipbuilding, for framing, 
topmasts, and yards; and, where oak became scarce in the vicinity 
of the northern shipyards, it was used for ship knees. It soon found 


its way also into the export trade and was sent to the shipyards of 


1 The author’s field investigations had to do chiefly with the spruce as it occurs in second growth. Ac- 
cordingly, except for a reproduction study made in connection with the remeasurement of spruce permanent 
sample plots. the data and discussions concerning old growth or virgin conditions are based largely on an 
office study (1) of the material available in publications, of which the most important are the Adirondack 
Spruce, by Gifford Pinchot, Practical Forestry in the Adirondacks, by Henry S. Graves (Bulletin 26, 


_ Division of Forestry, U.S. Department of Agriculture),and the various annual forestry reports of Maine, 


New Hampshire, and New York, and (2) of the various unpublished data on spruce which haye been 
collected by members of the Forest Service in times past. 
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England, the Continent of Europe, and the West Indies, where it was 
classed as a construction timber. Not until considerably later, 
however, did it assume a place of importance in the general market 
for carpentry and building use. When the supply of virgin white 
pine in New England declined, spruce was turned to as a substitute. 
Since 1840 the use of spruce as a lumber wood has steadily increased 
both in the domestic and foreign markets. Its rise as a raw material 
in the production of paper dates from about 1870 to 1875, although 
it was not until 1890 or 1895 that its consumption for this purpose 
became very important. 

The most extensive single use to which spruce is put now is the 
making of paper, news stock, principally. Fully half the annual cut 
of red spruce is consumed by the paper industry. 

Spruce is widely used in building and rough construction work, 
particularly where it is not exposed to the weather. In floors it 
wears better than white pine, but is inferior to many of the hard- 
woods. It retains its natural color when finished better than white 
pine, and it takes paint well. As interior finish it is employed for 
stair work, ceiling, and door, sash, and casing material. It also is 
made into shingles, siding, and laths, but as shingle material is con- 
sidered inferior to many other woods. Large quantities are cut into 
joists, large dimension stuff, and car stock, since for its weight it is 
one of the strongest woods on the market. After bemg given pre- 
servative treatment to hinder decay it is employed for wharf and 
bridge piles, railroad ties, posts, and poles. 

On account of the resonant quality of the wood, its even structure, 
the absence of vessels, the extremely fine and regularly distributed 
medullary rays, and the straight and long fibers spruce is generally 
considered to be the best wood for piano sounding boards, as well 
as for wooden musical instruments generally. For this purpose the 
wood must be of selected quality. It must be straight fibered and 
free from knots, and must have narrow and uniform rings and but 
little resin. 

Spruce belongs to the class of tasteless woods, and for that reason 
is extensively used for containers in which articles of food are packed 
or handled, such as tubs, firkins, butterworkers, churns, fish barrels, 
and boxes and crates for vegetables and fruit. It is likewise in 
demand for boxes in which cans and bottles of salad and other table 
oils are packed for shipment. 

Recently spruce has come into general use in the manufacture of 
airplanes. The wood meets satisfactorily the requirements of this 
industry, which demands lightness combined with strength and, 
above all, reliability, including freedom from hidden defects. It is 
used both for the upright posts and the general framework. 
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Minor uses of spruce are for matches, toys, clothespins, wooden- 
ware, sieve frames, cheese molds, and bandboxes. On account of 
its straight grain and light weight it finds a considerable use also in 
the manufacture of ladders, screen frames, cold-storage plants, 
refrigerators, pump stocks. furniture, canoe paddles, and light boat 
oars. } 

Two by-products of spruce may be mentioned. The resinous 
exudations are used as chewing-gum, and the claim is sometimes made 
that they possess medicinal properties. The extract made from the 
tender tips of the branches by boiling with water forms the basis of 
spruce beer, a nonalcoholic beverage formerly very popular, particu- 
larly among seafarme men, by whom it was considered a preventive 
of scurvy. 


AMOUNT AND VALUE OF SPRUCE CUT AND IMPORTED. 


Table 1 shows for the year 1909! the amount of spruce of all 
species utilized for different purposes, and the total and unit value 
of the material for each use. More than three-fourths of the total 
was red spruce. 

Spruce ranked sixth in 1909 in the amount of lumber produced 
and contributed 3.9 per cent of the total for all woods. It was 
surpassed by yellow pine, Douglas fir, oak, white pine, and hemlock. 
In pulp production it ranked first and supplied 60 per cent of all the 
wood used. Nearly one-third of this, however, was imported..- 
Spruce ranked ninth in slack stave production (3.6 per cent); twelfth 
in slack heading production (1.3 per cent); and ninth in the pro- 
duction of slack hoops (0.03 per cent), being surpassed in all of these 
minor uses by red gum, pine, beech, elm, birch, basswood, and 
maple. One per cent of the veneers produced in 1909 were of spruce, 
which ranked fourteenth among the species. In addition, 1 per 
cent of all the shingles, 0.2 per cent of all the railroad ties, 0.3 per 
cent of all the telegraph and telephone poles, and 2 per cent of all 
the cross arms produced in the United States were of spruce. 

1 Forest Products of the United States, 1909, Bureau of the Censusin Cooperation with the Forest Service. 
Government Printing Office, 1911. This contains the latest complete enumeration covering minor as 


wellas major forest products, which accounts for its use here in place of more recent data covering but a 
part of the field. 
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According to the census,! the reported production of spruce lumber 
remained practically stationary during the 10 years prior to 1909. 
The cut of 1909 was only slightly greater than that of 1907, and had 
the 1907 canvass been as complete it is probable that the 1907 pro- 
duction would have been found the greater, which indicates that the 
production of spruce lumber had then already passed its maximum. 
This assumption is borne out by subsequent figures, smce in 1910 
there were but 1,449,912,000 board feet produced, in 1913 but 
1,046,816,000 board feet, in 1914 but 1,245,614,000 board feet, and 
in 1916 but 1,129,750,000 board feet. 

In the consumption for pulp in 1907 spruce showed a decline in 
amount and in proportion to the other woods used. In 1910 there 
was a still further decline, followed by a shght recovery m 1911 to 
not quite so much as was consumed in 1909. In 1914 there was an 
increase over 1909 spruce pulpwood consumption of approximately 
10 per cent with a total of 2,665,974 cords of which 1,957,487 cords 
was domestic spruce. By 1916 this gain amounted to approximately 
30 per cent with a total of 3,143,793 cords of which 2,399,993 cords 
was domestic spruce. In both years the consumption of imported 
spruce was below that in 1909, which had to be made good by the 
domestic spruce supply. This was done at the expense of spruce 
lumber production which in 1909 made up 63 per cent of the com- 
bined total of pulp and lumber supplied by domestic spruce which 
in 1914 was but 56 per cent and in 1916 only 48 per cent. Notwith- 
standing this material increase in consumption of spruce for pulp the 
combined total of pulp and lumber supplied by domestic spruce 
decreased from 2,575,172,000 board feet in 1909 to 2,224,358,000 
board feet in 1914 and 2,329,747,000 board feet in 1916. It is very 
evident that spruce lumber production was curtailed and a larger 
percentage of this high-grade material put into pulp notwithstanding 
that during the last two years European buyers of American forest 
products have increased their orders for spruce for all purposes 
abroad. Its accessibility in the east and its general all-round prop- 
erties, including lightness, have made it much in demand. 

In the use of spruce for slack cooperage and veneers in 1909 there 
was also a decrease, while in the number of railroad ties there was 
an increase due to the increasing use of chemical preservatives which 
made the less durable woods, such as spruce, more largely available 
for this purpose. 


1 Forest Products of the United States, 1909, Bureau of the Census in Cooperation with the Forest Seri ice, 
Government Printing Office, 1911. This contains the latest complete enumeration covering minor as well 
as major forest products, which accounts for its use here in place of more recent data covering but a part 
of the field. 
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PRESENT STAND OF SPRUCE. 


The amount of standing spruce timber in the United States,! 
according to recently revised estimates, is 116,500 million feet board 
measure, or 4 per cent of the total standing timber of all kinds. 
This stand is divided among the three commercial spruce regions as 
follows: The eastern or red spruce region, 48.3 per cent;? the Rocky 
Mountain or Engelmann spruce region, 30.3 per cent; and, the Pacific 
coast or Sitka spruce region, 21.4 per cent. 

The commercial stands of. spruce timber in the eastern spruce 
region by States are given in Table 2. 


TABLE 2.—Stand of spruce in the eastern or red spruce region. 


Billions 
State. of board | Per cent. 
feet. 

WCET) 0a sina SGA GHS SS Se ae Ee ie Si as ate ais 02s Nat eee ee 26.0 46.2 
iihy liniopiiiijes 6 seen ehae cane ceed seaueEeEe eee ea beds oo bob Ote sore eee ne eee meres | 5.9 10.5 
SGT TTI OTA S eG Sa a er PRR TE pL | 2c Po ca Ria area FO | 1.4 2.5 
MIASSACIUISOLUS aay Pee apes BSCR Ese ae be ec ae Us BRUNER ee RR AS te est be | 0.9 1.6 
BP OTR he eG aA ec re A ES Fat 2k EET A ak Can 1133.83 23.6 
IMEI EIYa | Sielae See ae oe ee inne ae eM ee Ney rs: 0) Ad lee eee een 0.2 0.3 
BVVOSUAVALDETEI1 Vereen csptse aise ree Sohn iy tn, Loti) Boe Lea ee ee Nee hk. et Ste 8.6 15.3 
GIR 2) eeepee tees etn pace pe Ne eae US AED Fy a pe are eT Le oo 2 el 56.3 100.0 


YALUE OF SPRUCE AND SPRUCE STUMPAGE. 


In total value of annual lumber production in 1909 spruce stood 
sixth among the woods, with 4.3 per cent of the gross output, and in 
unit value of the manufactured product it stood fifteenth, with a 
value of $16.91 per 1,000 board feet. It was surpassed in total value 
by yellow pine, oak, white pine, Douglas fir, and hemlock; and in 
unit value by walnut, cherry, hickory, yellow poplar, ash, oak, 
cypress, cedar, basswood, white pine, sugar pine, cottonwood, elm, 
and birch. 

Table 3 shows the value of spruce stumpage by States, based both 
on estimates and on reports of sales collected by the Forest Service 
for the years 1907 and 1912. As ameans of comparison the table 
includes the values for spruce in the Lake States, Rocky Mountain, 
and Pacific Coast States for these same years; also the census figures 
for all spruce for the years 1899 and 1904. 

The range of 1912 values was from $1 to $11 per thousand, accord- 
ing to estimates, and from $2 to $11, according to sales. The mini- 
mum estimated value, $1, was reported from North Carolina; and 


1 Unpublished estimates of the “Standing Timber in the United States,” prepared by the Section of 
Computing, Forest Service, February, 1915. 

2 The amount of spruce of commercial size remaining in the Lake States was apparently too small to be 
expressed in terms of billion feet. This is doubtless also true of other States, as those in the southern 
Appalachians, omitted from Table 2. 
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the maximum from New York. North Carolina, Tennessee, and Vir- 
ginia each reported $2 sales, and New York reported maximum 
price sales, $11. 

In seven of the red spruce States, Maine, New Hampshire, Vermont, 
New York, Maryland, North Carolina, and Kentucky, there was a 
rise in stumpage values from 1907 to 1912, while in the remainder 
there was a decline. Leaving out of consideration Maryland and 
Kentucky, where the number of reports is too small to form a reliable 
basis, the greatest rise took place in New York and showed a gain of 
25 per cent and 35 per cent on the basis of estimates and of sales, 
respectively. The next greatest gain was in North Carolina, where 
a rise of 21 per cent is indicated on the basis of 16 estimates. Ver- 
mont ranks third in percentage of increase; New Hampshire, fourth; 
and Maine, with the largest number of reports, shows the least in- 
crease in values, 6 per cent according to estimates and 3 per cent 
according to sales. New York also ranks first in the greatest actual 
increase, namely, $1.44 and $2, according to estimates and to sales, 
respectively, followed by Vermont, New Hampshire, North Carolina, 
and Maine, in the order named. 


TABLE 3.—Stumpage values of spruce.} 


ALL SPECIES OF SPRUCE. 


1912 1907 
Average per i,000 | Average per 1,000 | Average per 1,000 
feet from estimates. feet from sales. feet. 
State. 
Value Value Value 1 
p er 1,000 Naber p er 1,000 ae gaes per 1,000 fee ber « 
oard oard b 
fe ah reports. | “j = “| reports. tie reports. 
BAUS TALES TEPOLUING =e sac = occ e eee eee $4. 54 488 $4. 16 175 $4. 35 383 
EASTERN (RED) SPRUCE. 

SSoaN GAMAISSTT Es, scl GG l 

ANNMAS tern) StStes -.sa)= ste ciate ee en's $6. 11 | 236 | $5. 90 | 78 $5. 53 | 164 
All Northeastern States.......-...-.-.---- 6. 50 205 6. 32 70| 5.93 | li4 
LS NCS PRES AC isch ook: Seema aee 6. 09 102 5. 93 37 5. 74 34 
New Hampshire -. 22.25. 5022. eee ae 6. 78 28 6. 54 13 6. 07 21 
Mermontis. 22 226 sa cease eee oe ee 6. 82 25 6. 72 9 5. 87 1 
Massachusetts ss. 223320. sess pees eee 6. 50 14 5. 00 3 7.07 7 
INOW Ok <2 222 0. 0- ae ee 7. 25 36 7. 81 8 5. 81 21 

All Appalachian States-..\.- 5.0. sre 3. 51 31 2. 15 8 4.62 50 
Pennsylvanis 55. =. i... --vae ne: «ee 6. 37 CS Beem sie seh moi 8. 00 “12 
Marvistid’s e235 28. 255525 S288 co een eee 4. 50 OF so. ae Ban Ome eee ' 3.33 3 
Vireimige.-: 203% AS eedldee se be. cei. Sees 3. 00 3 2. 00 1 3.61 9 
West Vineiniagsaentc a: o's perso kha cae 4.17 3 4.63 15 

IN Oni, Carolinas seins. ode ss eee 252 16 2. 08 6 

PC OUMUCIOY coed tie Ie fe ctdacice fen ences 6. CO 1 1.63 2 
UII OSSOD se Se cis oss shot cislp amptoeen 2. 00 1 2. 50 3 


1 The values per cord for pulpwood may be roughly approximated by halving those given in the table 
euteee the common practice in the northern spruce country is to figure a cord equivalent to 600 board 
eet. 

2 ‘The census gave the average values of spruce stumpage for all States as $3.70 per 1,000 feet in 1904 and 
$2.26 per 1,000 feet in 1899. 
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TaBLE 3.—Stumpage values of spruce—Continued. 


LAKE STATES (WHITE) SPRUCE. 


1912 ; 1907 


Average per 1,000 | Average per 1,000 | Average per 1,000 


feet from estimates. feet from sales. feet. 
State. 
Value Value | x Value 
per 1,000 Ne per 1,000 NY Wane per 1,000 N pee 
Board reports. Doane reports. poor reports. 

ANT IDBIR@ (STINGS! 2h See Be Ale See ae seer eseeeee $4. 68 94 $4. 59 20 $5.60 | 09 
obs ecicit. ee see a | 4.63 Aen eee aG7 9 6.16 37 
IVIL ein Sia SA ee | 5. 04 29 4,79 6 5. 21 47 
LIU SOUR oe Cees SE ene ee ee ee | 4. 36 27 4, 20 5 5. 47 15 

i | 
ROCKY MOUNTAIN (ENGELMANN) SPRUCE 

All Rocky Mountain States.......-..----. $2. 12 78 $2. 37 51 $1. 87 52 
Pomban atest pete) sosee see ae 2 2. 07 21 2.13 11 1. 83 8 
\NGROLIIIA SS Se nae ese eee a Eeseeeeaa 2. 28 8 2.47 8 2. 00 2 
TGs Se See ee re ese ame ea ee 1.71 14 2.41 6 1. 73 il 
UI 5 Se SRS eS aS are 2.15 5 2. 30 7 1.64 7 
MOOR AM Ogre. te eee eer eee estes 2.31 25 2.45 14 2. 00 22 
PATTON ee te te ears a Se eS Lie 2.00 2 2.00 SLs Eau seems eee RRC oe ape 
ING WeMeSICOso. 02228222 o- ay Cranes 2. 50 3 2.67 3 1.94 2 
Nevada......- CI RS Ns ce a ese epee SN Ee RE ee Bsa Kd 3. 00 Le Bess as aoe 

PACIFIC COAST (SITKA) SPRUCE. 

PMP ACHICISDALES Eo ye S ee ee ee | $2. 10 80 $2. 10 | 26 | $1. 58 68 
WES gions tL J. oo pee Aes oSene Seen 2. 26 52 2.41 16 1. 73 46 
ORES Obese snot eS eae 1.90 20 1.54 8 1.40 14 
(CEWEE Oras) epi aes eran ae ree Nee Ace 1. 56 8 1. 87 2 1.03 4 


The number of reports from the remaining five Eastern or red 
spruce States which show a shrinkage in values is entirely inadequate 
for a reliable estimate of stumpage price tendencies. It is possible, 
however, that in such States as Massachusetts and Pennsylvania, 
where the amount of spruce was never extensive and where cutting 
has been going on for many years, there is in fact an actual decline 
in values due to the poor quality of timber now available for cutting. 
This also may be the situation in Maryland, Virginia, and Kentucky. 
In West Virginia, North Carolia, and Tennessee, however, the 
apparent decline is doubtless due to an insufficient number of re- 


ports, since the virgin spruce growth in these States is of choice 


quality, and much of it is in localities which are just new being 
developed. 

Eastern spruce in 1912 showed the second highest average stump- 
age value of 20 softwoods and the ninth highest of 38 softweods and 
hardwoods combined.'! It was exceeded in value by cherry ($16.25), 
walnut ($15.64), pine ($8.35), ash ($7.87), yellow poplar ($7.87), 
hickory ($7.82), basswood ($7.70), and oak ($7.28). 


1Compiled from estimates on all species reported in 1912. 
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‘Too much dependence can not be placed on any of these values 
except for the purposes of general comparison, for the reason that 
through a process of adulteration of the purity of the product, so to 
speak, the true rise in value for a period of years is not shown by 
average stumpage price quotations. To illustrate: The average 
stumpage values per 1,000 feet in a certain locality might have been 
$2 twenty years ago, $3 ten years ago, and $4 to-day, while the quality 
of the cut in those years might have been 100 per cent first quality 20 
years ago, worth $2 per 1,000 feet, 67 per cent first quality 10 years 
ago, worth $4, and 40 per cent first quality to-day, worth $8, the 
differences being made up in the latter instances by cheap, low- 
grade material which 20 years ago could not have been given away. 
Thus the true rise in stumpage value, instead of being from $2 to $4, 
as indicated by the average stumpage figures, should be $2 to $8, 
based on the same class of product throughout the period. This is 
but one of many similar conditions which help to obscure the true 
rise which has taken place and is taking place not only with spruce 
but with all stumpage and which must be understood in making use 
of any general stumpage figures. 


RANGE AND DISTRIBUTION. 


Regarding the range and distribution of red spruce, the various 
botanical authorities are in disagreement. This condition arises 
largely from the fact that the red spruce and the closely allied black 
spruce are not perfectly distinguishable under some circumstances. 
When red spruce is segregated from the black spruce, its range is 
given as from Prince Edwards Island to the valley of the St. Law- 
rence River, southward to the coast of Massachusetts, along the 
interior hilly parts of New England and New York to the Allegheny 
Mountains, to western North Carolina, eastern Tennessee, and the 
higher peaks of South Carolina. When the black and red spruce are 
considered as a single species, the range extends, in addition to the 
above, from Labrador and Newfoundland to the valley of the McKen- 
zie River in latitude about 65° north and, crossing the Rocky Moun- 
tains, from the interior of Alaska to the valley of the White River 
and from the eastern foothills of the Rocky Mountains in Alberta 
through northern Saskatchewan and northern Manitoba to central 
Wisconsin and Michigan. The accompanying map (fig. 1) shows 
these ranges graphically as well as those for the other species of this 
genus which are indigenous to the United States. 

The red spruce occurs chiefly on well-drained uplands and moun- 
tain slopes. In the northern portion of its range it is found on the 
better-drained soils at or near sea level. Within the United States 
its commercial range is rarely below 1,000 feet elevation, although 
under some conditions it may extend somewhat lower, as, for instance, 
in swamps. In these situations the red and black spruce find their 
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common meeting ground and approach each other so nearly in char- 
acter of growth and appearance that it is difficult to determine at 
what point the one entirely supersedes the other. Red spruce is 
also found in small groves along the seacoast of southern Maine and 
northern Massachusetts. Spruce, presumably red spruce, is to be 
found in small parcels at between 200 and 500 feet elevation on the 
low rolling uplands of eastern Maine, where it has taken possession 
of old abandoned pastures. 

The upper limit of its range within the United States is at timber 
line, although in the Northeastern States its commercial limit may 
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Fic. 1.—The botanical range of spruce. 


be set at about 4,000 feet above sea level. In Maryland its minimum 
altitudinal range is 2,500 feet above sea level and constantly rises 
toward the southern limits of its occurrence in northern Georgia. It 
probably reaches its commercial upper limit between 5,000 and 6,000 
feet in the mountains of North Carolina and Tennessee. 


FOREST TYPES. 


The old growth forests of the spruce region may be divided mto 
four main types. The names chosen here for these types are those 
commonly used by lumbermen in describing them according to the 


various situations on which they occur. 
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The relative importance of the four types varies according to the 
locality. In the mountainous portions of central Maine the mixed 
hardwood lands and spruce slopes are of greatest mportance, while 
in the northern part of the State the spruce flat is the more prevalent. 
The spruce slope is the characteristic type in the White Mountain 
region. In the Adirondacks the mixed hardwood type is the most 
common, followed by the spruce swamp and the spruce slope.. In 
the southern portion of its range spruce is only sparingly associated 
with hardwoods, the spruce slope type being more prevalent. 


SPRUCE SWAMPS. 


The spruce swamp type dominates the low-lying, poorly-drained 
areas, whose soil is a muck or peat, spongy in texture,and acid. The 
characteristic species are red spruce, black spruce, balsam, tamarack, 
cedar, soft maples, black ash, and other moisture-loving trees. 
Sphagnum moss and low water-loving herbaceous plants commonly 
form the undergrowth. Spruce usually makes a slow growth in such 
situations, and is short and scraggly in appearance. It is particu- 
larly susceptible to windthrow on these soils, which prevents its at- 
taining as large size or as great age as when growing on the better 
types of soil. Even-aged stands are not at all uncommon. Numer- 
ous small islands of drier and firmer soil texture are scattered through- 
out this type of soil. They support a somewhat better growth of 
spruce, mixed with hemlock, white pine, birch, and some beech and 
sugarmaple. Balsam, tamarack, or arborvite will not infrequently be 
found predominating in the wetter portions; and biack spruce is 
largely confined to such places. 


SPRUCE FLATS. 


- 


The level and rolling flats bordering the swamps, lakes, and water- 
courses, are occupied by the spruce flat type. The soil is variable 
in composition, moderately deep where sandy or gravelly in texture, 
and shallow where stones and bowlders predominate. While the 
percentage of moisture may be high, the drainage is free and a favor- 
able condition is afforded for thrifty tree development. The flat type 
is in large measure a transition between the swamp type and the type 
of the mixed hardwood lands, and in many respects exhibits the 
characteristics of each. Spruce, birch, soft maples, white pine, hem- 
lock, and balsam are the characteristics trees in mixture. ‘The 
presence of black ash, which is usually accompanied by considerable 
balsam, denotes conditions bordering on the swamp type. ‘The 
presence of sugar maple, on the other hand, denotes a transition to the 
hardwood lands. White pine of good quality formerly occurred in 
abundance in this type in both Maine and the Adirondacks, par- 
ticularly where a sandy soil predominated. Spruce attains an inter- 
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mediate development here, while birch and the better hardwoods are 
inferior in development as compared with the same species growing 
on the hardwood lands. Hemlock and red maple find the best con- 
ditions for their development in this type. Windfall is not uncom- 
mon, and as a result young even-aged stands of spruce are found 
occupying the ground where this has taken place. Second-growth 
stands of birch and red maple may also be found occupying such 


areas. 
MIXED HARDWOOD LANDS. 


The mixed hardwood type occupies the best soil sites of the region, 
usually the benches and the lower mountain slopes. The soil is here 
best adapted to hardwood growth, is deep, of more or less even 
texture, fresh, and well-drained. Besides spruce, sugar maple, beech, 
and birch predominate, and there is a scattermg of hemlock, white 
pine, soft maple, cherry, and a variety of other species. The propor- 
tion of spruce in mixture depends on topographic conditions. On 
gentle slopes, broad benches, and low ridges the hardwoods find con- 
ditions so favorable to their development that the spruce is largely 
crowded out. The more irregular and broken topography enables 
the spruce to compete with the hardwoods on more nearly equal 
terms, What spruce lacks in reproductive power it makes up by 
its superior ability to grow on the rougher, thinner soils. The broken 
topography undoubtedly favors spruce on account of the higher per- 
centage of moisture to be found im the soils of the protected coves 
and slopes than in those of the gentle and more regular slopes of 
uniform exposure. Spruce attains its maximum development in the 
mixed hardwood type, as do also most of the hardwoods. 


SPRUCE SLOPES. 


The slope type occupies the steeper slopes, with thin, stony soil, 
above the hardwood land, and may extend to the limits of tree 
growth, although not infrequently it gives way to a scrubby alpine 
erowth composed almost exclusively of balsam. The type is char- 
acterized by a nearly pure coniferous growth with spruce pre- 
dominating. Balsam is also present in appreciable quantities. 
The characteristic hardwood is yellow birch, which is generally of 
excellent quality. Hemlock, white pme, and a variety of hard- 
woods occur sparingly in the lower portions of this type or on the 
better soils of the lower ridges. Spruce of good quality, with tall, 
clean boles, closely set together in a dense stand, is produced on this 
type. As compared with the hardwood lands, spruce development 
is mferior here on account of the greater liability to windfall and 
poorer soils. Also because of the lability to windfall the forest 
is often comparatively young. 
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SECOND-GROWTH STANDS OF SPRUCE. 


Partial or complete destruction, such as is effected by lumbering, 
windfall, or fires, will alter more or less completely the original char- 
acter of any of these types, depending on the severity of the cutting 
or the extent of the windfall or fire. The succeeding second growth 
will develop a strong tendency to produce a groupwise association of 
the species, which in case of extended destruction may effect a tem- 
porary replacement of the original growth by either of two general 
forms—pure, even-aged stands of spruce or balsam alone or in mix- 
ture with each other, hemlock, arborvite, and hardwoods, or a two- 
storied form comprising an over wood, usually of such hardwoods es 
aspen, grey birch, fire cherry, and the like, and an understory of 
spruce. The last named is the typical one following fire. Never- 
theless, if left undisturbed, the characteristics of these stands will 
usually revert to those of the parent type. 


OLD-FIELD SPRUCE. 


Because of their economic possibilities, particularly as forecasting 
the results which may be expected from plantations, the old-field 
spruce stands merit special mention. As their name implies, they 
occupy abandoned lands formerly under cultivation or in pasture. 
They are essentially even-aged and composed chiefly of spruce. Here- 
after the discussion of second growth will refer to this character of 
the stand unless otherwise specified. 


SOIL AND MOISTURE REQUIREMENTS. 


Spruce is found on all kinds of soil. It is not exacting im its 
demands as to chemical composition, but prefers the well-drained 
gravelly and sandy loam soils of the mountain slopes and benches 
because of their favorable moisture conditions. Heavy soils are 
unfavorable to spruce because they hinder root penetration, accentu- 
ating its shallow rootedness, and thus render it more than ever liable 
to windthrow. 

Moisture is the most potent factor influencing the local distribution 
of spruce on the various soils. Soils like sand or coarse gravel, which 
are devoid of binding material, quickly lose their surface moisture. 
They therefore afford scant opportunity for the development of spruce, 
even though the water table is but a few feet below the surface, since 
the water can not be reached by the superficial root system. Spruce 
can, endure a wet soil, such as the clays and fine alluviums occurring 
in swamps. It reaches its best development, however, on the inter- 
mediate gravelly or sandy loam soils with free drainage, yet with a 
plentiful supply of surface or subsurface moisture. 

Aside from these preferences of spruce, its distribution is dependent 


- largely upon its ability to grow on sites unfavorable to its competitors. 


Spruce is not infrequently found almost solely in possession of large 
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areas on steep, rocky mountain slopes or wet bottom lands. Com- 
petition with the hardwoodsis reduced both b¥ their inability to adapt 
their root systems to the shallow soil and by excessive moisture con- 
ditions. Thus spruce is found most abundantly, not where the best 
conditions for its own growth exist, but where its competitors are 
not readily able to grow. 

On the more favorable soils such agencies as fire, windfall, and 
fungous or insect attacks may prove a means by which the extension 
of spruce is made possible, provided a sufficient number of spruce 
seed trees remain to seed up quickly the ground formerly occupied by 
its competitors. 

LIGHT REQUIREMENTS. 

- Spruce is one of the most tolerant of shade of our forest trees. Of 
the associates, only hemlock, and possibly sugar maple and beech, 
are more tolerant.' Spruce also possesses to a remarkable degree the 
power to recover and grow in a thrifty and normal manner follow- 
ing its release from long periods of suppression. Having once gained 
a foothold in the selection forest, the young spruce grips life tena- 
ciously, struggles along for many years under the shade of the forest, 
and gradually forces its way upward as natural thinning reduces the 
number of its overtopping competitors. It is in fact to these quali- 
ties more than any others that spruce owes its ability to persist as a 
factor in the mixed selection forest of the Adirondacks, in the North- 
east, and throughout its range. 

Simanaely enough these tolerant and recuperative qualities are 
most characteristically displayed by spruce in the selection forest. 
In the dense, even-aged pure stands, root competition and mechan- 
ical interference due to overcrowding enter in to complicate the situ- 
ation. ‘Trees which are suppressed under these conditions recuper- 
ate very slowly, if at all. Most often, when the stand is opened up 
sufficiently to afford the requisite amount of light and growing space, 
the suppressed crown is so reduced in size and vitality as to make 
recuperation imperceptible for a period of years. Such suppressed 
trees when released from overcrowding often succumb to windthrow 
or sun-scald. 

Balsam although moderately tolerant is less so than spruce, the 
keen rivalry between the two species being due to other qualities in 
which balsam surpasses spruce. 


WINDFIRMNESS. 


Unlike most hardwoods and some of the conifers, notably the yel- 
low pime and Douglas fir of the West, spruce develops a very super- 
ficial root system. On account of the intimate relation between the 
root and the crown of a tree and the active competition of root sys- 


_ 1 Under the keenly competitive conditions which prevail in even-aged second-growth stands, spruce is 
able readily to suppress and kill out even these species. 
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tems, particularly those of the shallow-rooted species, spruce is much 
less windfirm when growing in crowded or pure stands than when 
growing in the open or in mixture with hardwoods. Thus the rela- 
tive size and the form of the crown of spruce growing under different 
conditions of density and association is an index of its comparative 
windfirmness. 
REPRODUCTION. 
SOIL, MOISTURE, AND LIGHT. 


Spruce finds its most favorable conditions for germination and sub- 
sequent early growth on the moist forest floor under cover of the not 
too dense stand of the selection forest. Here a suitable seedbed of 
moss, dead wood, and needle litter is found, which, being protected 
from exposure to the drying influences of sun and wind, affords suffi- 
cient moisture for germination and early development. That spruce 
appears to be selective in its seedbed requirements, and that obsery- 
ers are in disagreement as to whether it does better on mineral soil 
or on moss, dead wood, or duff, is largely because so much depends 
upon the moisture conditions in the different materials. 

A plentiful supply of soil moisture is absolutely essential, not alone 
at the time of germination but throughout the period when the young 
plant is becoming established. ‘This condition can be most readily 
obtained, and with the minimum amount of free moisture in the form 
of precipitation and seepage, under cover of the forest. That spruce 
will germinate and continue to grow and thrive on mineral soil can 
not be gainsaid, but only when such soil is protected from drying 
influences and is plentifully supplied with a constant amount of avail- 
able moisture at or very near the surface. The same applies to 
to needle litter and old logs. 

Needle litter when under a pure stand of spruce, particularly dense, 
unthinned, even-aged stands, is apt to accumulate much more rapidly 
than it will disintegrate. The upper layer forms a loosely compact 
mantle, which rapidly loses its surface moisture when exposed to 
drying influences. In the early spring or late fall, when humid con- 
ditions prevail, this mantle of needle litter contains sufficient moisture 
to induce germination, but the young plants are soon after destroyed 
by frost or drought. Furthermore, it is difficult for the young seed- 
lings to extend their root systems through the litter to mineral soil. 
In consequence, it is not suitable for a seedbed, and in fact, under 
such circumstances, is 2 great detriment to reproduction. If no great 
depth of such litter exists, so that the disintegrating humus layer is 
practically at the surface, the seedbed is admirable, since the humus 
is very retentive of moisture, and the vegetable mold full of nourish- 
ment. Acid humus, however, is not suitable, for though it is most 
common in supermoist situations it is physiologically dry. Thesame 
general considerations that apply to needle. litter apply to a still 
greater extent to the leaf litter from hardwoods, since, particularly 
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Fia. 3.—UNDER A STAND OF WHITE BIRCH AND POPPLE ON A BURN OF 40 YEARS AGo. 


SPRUCE REPRODUCTION. 
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in the case of the thicker leaved hardwoods like maple, the duff not 
only sheds water and thus dries out quickly at the surface, but it 
also offers a considerable resistance to the root penetration of the 
verminating spruce seedlings. 

The presence of moss is simply an indication of the presence of 
surface moisture throughout the growing season in sufficient amount 
to afford favorable conditions for spruce germination. An unbroken 
erass sod hinders the reproduction of spruce, both because it resists 
the progress toward the mineral soil of the rootlets of the young 
plant and because it makes excessive demands on subsurface mois- 
ture. In very moist and wet situations grass sod is seldom con- 
tinuous, and in such places spruce has no trouble in starting under 
the cover and protection of the rank growth. 


Protection from direct insolation and wind is also of importance, . 


since they not only cause the drying out of the upper layers cf the 
soil but induce rapid transpiration from the leaves of the young 
plants. This latter is particularly disastrous in the winter season 
when the soil is frozen and the seedlings are prevented from replenish- 
ing from the soil the supply of moisture thus given off. Such a 
condition is most likely to develop during a season of little snow, or 
where through exposure to an unbroken sweep of wind the snow has 
little chance to accumulate. In these open, bare situations, also, a 
warm day causing rapid thawing may be followed by freezing at 
night, which loosens the soil around the roots of the seedling and 
thus allows these tender members to be exposed to drought and frost. 

In addition to moisture, a certain amount of light is absolutely 
necessary if the seedling is to endure beyond the period of germina- 
tion. Since, however, spruce does not make extravagant demands 
m its hght requirements, little dithieulty 1 is encountered in securing 
Babe conditions in this respect. 


SEED PRODUCTION. 


Authorities vary widely in thew estimates of the frequency and 
abundance of spruce seed production. So far as is known, no obser- 
vations have been carried on over a sufficient period of years to 
determine this with any degree of certainty. Spruce unquestion- 
ably produces a certain amcunt of seed annually, and conditions 
may be such that a good crop will occur for two.successive years. 
In general, however, the interval between succeeding full seed crops 
varies from three to seven or eight years. 

Spruce produces from 50 to 90 per cent perfect seed; from 60 to 
80 per cent of which germinate. The seeds retain their vitality for 
at least two years under ordinary conditions of storage, and probably 
much longer. Variations are due to the conditions in the seed year. 
An off year not only produces fewer seeds, but the quality is poorer. 
84949° 
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The age at which spruce begins to bear seed of good quality varies 
widely, depending on the soil quality, the exposure, and whether 
the tree is growing in the open or in the forest. In the virgin forest 
the production of seed is only indirectly a function of age and is 
more directly dependent upon size. The individual tree varies 
ereatly as to the age when it becomes freed from suppression and 
enters upon a normal stage of development, thus gaiming for itself a 
place in the full light of the upper crown classes. It appears from a 
study of the spruce made by the Bureau of Forestry’ im cooperation 
with the Forest Commission of Maine in 1901, that in no case was a 
tree smaller than 5 inches in diameter at breastheight found bearing 
cones. The average age of spruce of this size in the virgin selection 
forest may be placed at about 100 years and in even-aged second- 
growth stands at from 20 to 30 years. Other observers have reported 
forest grown trees of three or four inches in diameter bearing seeds 
wherever their crowns were not directly under the shade of some 
other tree. The largest quantity and best quality of seed is pro- 
duced in the virgin forest by trees from 10 to 18 inches in diameter 
at breastheight. In other words, spruce in the forest begins to 
bear seed when the crown succeeds in reaching the light, and begins 
to bear heavily when the top of the crown thickens. At first a few 
cones are borne near the main stem below the last year’s growth, and 
as the crown thickens and spreads the cones are borne on the side 
branches. The first seed produced is of very poor quality. © 

In the open and under favorable soil and exposure conditions, 
seed production begins as early as the fifteenth or twentieth year, and 
heavy crops follow by the thirtieth or the thirty-fifth year. In the 
dense, even aged second-growth spruce stands the cones begin to be 
sparingly formed about the thirtieth year under the most favorable 
conditions; but a safe average for initial seed production in such 
stands would be not earlier than from the thirty-fifth to the fortieth 
year, with a full crop production about five or ten years later. Spruce 
continues to bear seed to an advanced age. 

Spruce seeds begin to mature between September 15 and October 1, 
depending upon climatic conditions. Seed collecting, therefore, can 
be most profitably confined between these dates; or if a larger amount 
of seed is required than can be collected during this period, the work 
should be begun earlier and timed so as to reach completion by Octo- 
ber. Upon full maturity the cones open and many of the seeds fall 
out, although not all, for frequently a considerable amount of seed 
can be seen on the surface of the late snows in February and March. 
After the cones are fully matured they are easily dislodged during 
lumbering; but if they are not disturbed, they remain on the trees 
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and thus can be carried a long distance by the wind, variously esti- 
mated at from one-fourth to one-half mile. Its effective range under 
ordinary conditions is, however, very much less than that, probably 
not more than 200 feet. 


COMPETITIVE DISADVANTAGES. 


Spruce is subject to considerable competition with other species for 
the possession of the ground. In the mixed softwood and hardwood 
stands, beech and maple are its chief competitors; and in the soft- 
wood stands, balsam. Such species as witch hobble, briars, and the 
like often take possession of the ground after logging or fire, also fire 
cherry, aspen, and birch. These latter, however, soon open up their 
crown cover sufficiently to admit of spruce coming in beneath. 
The competition where briars and their associates occupy the ground 
after extensive cuttings or fire, is largely a matter of unfavorable seed- 
bed conditions. 

The competition of balsam, on account of its close association with 
spruce, is of vital importance. It almost invariably happens that on 
the replacement of stands where these two species occur in mixture, 
balsam largely predominates in the second growth. Balsam pos- 
sesses the two distinct advantages over spruce of a plentiful supply 
of seed annually and of a decidedly more rapid growth, particularly 
in the seedling stage. While the moisture, seed bed, and to a great 
extent the light requirements are about the same for both, the more 
rapid growth of balsam enables it to extend its root system more 
vigorously and thus become established more quickly and more 
firmly under seed-bed conditions in which spruce, although germi- 
nating with equal facility, is later exterminated through subsequent 
drying out of the upper layers before its roots have become firmly 
established. Soil acidity under spruce growth is supposed to be 
inimical to the development of the spruce seedling, while the balsam 
seedling is unaffected by it. Spruce, however, will come in under 
balsam without difficulty. This has led to the supposition that a 
balsam growth must intervene between successive growths of spruce 
in order to ‘‘sweeten”’ the soil. 

While the theory may be true, a contributory cause at least may 
be found in the character of the litter under the two stands. Spruce 
needle litter, particularly under dense forest conditions, is very resist- 
ant to decay. It thus has a tendency to accumulate faster than it 
can be decomposed, forming an inert soil cover of considerable 
depth, resistant to root penetration and porous, quickly draining 
away the water close to the surface so much needed by the small, 
slow-growing root system of the young spruce seedlings. This handi- 
cap the more vigorously growing balsam seedling is able to overcome 
so as to establish itself in place of the spruce. But balsam needle 
litter, decaying much more readily than the spruce, does not accumu- 
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late undecomposed to anything like the extent that spruce litter 
does. Thus the moist humus.layers le close to the surface and 
materially aid the young spruce to get established. 

Further than these, however, a condition was recently observed 
which, if noted by other observers, has not been mentioned before in 
any published work on the spruce and which places the spruce at a 
still further disadvantage in its competition with balsam and with 
hardwoods as well. During the examination of the forest floor under 
the normal cover of even-aged spruce stands in the latter half of 
September (1910), a large quantity of germinated spruce seed was 
found which must have been from the recently ripened seed crop, 
since only the seed leaves were developed, and in many cases even 
the seed-coat still enveloped the tips of the embryonic leaves. 
These spruce germinates were so thick in places as to make it im- 
possible to place a finger on the ground without crushing several. 
Balsam seedlings were also found, but remotely scattered as single 
individuals and almost without exception spring germinates, with 
well-developed stems and permanent leaves. One and two year old 
balsam seedlings were also present. Spruce of this age was entirely 
lacking, and seedlings of the previous spring’s germination were also 
only sparmely represented. 

Balsam seed trees were not very numerous, so that this condition did 
not of itself indicate much with relation to the behavior of that species; 
but subsequently a stand of almost pure balsam, within a short distance 
of the spruce plot just mentioned, was examined. Here, although the 
site was not quite the same, the density of the cover was very similar 
and in places conditions were even more favorable to germination 
and early growth than in the spruce stand. A close examination of 
the humus and light moss cover failed to disclose more than a scat- 
tering of balsam fall germinates, although the presence of new sound 
seeds in considerable quantity was disclosed. Balsam seedlings from . 
spring germinates were plentiful, occurring as imdividuals, while 1 
and 2 year old seedlings were also numerous. 

In contrast to this condition spruce in the young growth of open 
pastures was observed to be much more prevalent than balsam. In 
explanation of this apparent reversal of the reproduction capacities 
of the two species, it seems entirely probable that in the fall soil 
moisture and general climatic conditions are, in the open, much 
less favorable to germination of spruce than in the forest. J ur- 
thermore, the principal seed distribution of spruce in the open, 
except in the immediate vicinity of seed trees, doubtless occurs later 
in the season from seeds subsequently dislodged from the cones by 
the winter storms. Thus in the open a relatively larger percentage 
of spruce seeds would lie over for spring germination with a corre- 
spondingly better chance of becoming permanently established. 
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As to the less favorable showing of balsam, this was unquestion- 
ably due in part to the smaller production of balsam seed, since 
there were fewer balsam than spruce seed trees in the particular 
locality where conditions were observed. Then, too, balsam seeds 
are heavier than those of spruce, so that they would not be carried 
so far by the wind, and balsam seedlings are also browsed by cattle 
much more than spruce. 

If this behavior of spruce and of balsam in regard to time of seed 
dispersal and germination is typical of the two species, it can be 
readily seen that even with a less production of fertile seed than 
spruce, balsam would have a considerable advantage. The fall ger- 
mination cf spruce weuid subject the very young seedlings to a 
material reduction in numbers and vitality during the first winter as 
a result of winter-killing, while the loss to balsam from this cause 
would be comparatively insignificant. 

Spruce is at a disadvantage, too, in its early struggle for a foothold 
m mixed hardwood stands. The usual explanation for its failure to 
come in more plentifuily under a mixed hardwood forest after cut- 
ting is that the abundance of hardwood leaf litter on the ground at 
the time of seed fall prevents the spruce seeds germinating thereon 
from getting their roots into mineral soil, both because of the tough 
and impenetrable texture of the birch, maple, and other hardwood | 
leaves and because the loosely compact surface layer of leaves sheds 
the moisture and quickly dries out before the young spruce can get 
established. While these undoubtedly are among the contributory 
causes, cbservations made in Waterville, N. H., in the spring of 1911 
in connection with spruce reproduction plots under hardwoods sug- 
gest that here again the early seed dispersal habit of spruce works 
to the idee: of its reproduction. On several of these plots 
after the leaf litter of the previous fall was removed a considerable 
number of spruce germinates of that sprig were counted. Many, 
however, were either wilted or had already succumbed to “dampime- 
off,’ while others were bleached almost white and the stem and leaves 
were turgid and succulent, but without vigor, doubtless from too 
humid growing conditions and lack of sufficient ight. This was par- 
ticularly noticeable under moosewood and young hardwood brush 
with large coarse foliage. The absence of any one-year or two-year 
spruce on these plots was also noticeable. A marked contrast to this 
condition was found where any part of these plots happened to be 
protected from the heavy hardwood leaf fall by a group of suppressed 
spruce or small balsams ora pile of slash. Here there would be a gen- 
erous number of spruce germinates and one and two year seedlings as 
well. In fact, reproduction appeared to be entirely satisfactory. 

Whether fall germimation takes place in these circumstances or 
not, the seeds, or germinaies, will be covered with a thick layer of 
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hardwood leaves. In the sprig the warm rains and sun start fer- 
mentation of this mulch, and while this at first affords conditions 
exceedingly favorable to the germination of the spruce seed, the 
young seedlings are unable to survive the continued heat and humid- 
ity and the general smothering effect of the hardwood leaf litter. 
The trouble thus seems to be not that the seedlings are unable to 
get their roots into mineral soil or other suitable material as is usually 
claimed, but that the heavy mulch prevents them from getting their 
shoots up into the needed hght and air. 


FORM. 


The form of spruce varies widely and is determined largely by its © 
stage of development and whether it grows in the open or in the 
forest. Like all other conifers, however, it always develops a well- 
defined central axis. In the open and before arriving at the stage 
in the forest where its lower limbs begin to be suppressed, spruce has 
a long, wide-spreading, conical-shaped crown, which extends well 
down to the ground. Its bole tapers rapidly. This form is retained 
to a large extent throughout life by the trees growing in the open, 
although their crowns open out and become less regular in outline 
with advancing age. In the forest the crown is more compact and 
has a conically topped head. As the tree grows in height the crown 
becomes shorter in proportion to the total height through the lower 
branches dying out more rapidly than new ones can be produced 
above. The bole at the same time takes on a more cylindrical form 
below the crown. Trees growing in the selection forest are likely to 
taper a little more rapidly than those in the even-aged stands, since 
they receive more side light and thus retain a longer crown than the 
more densely crowded, even-aged ones.! 


LENGTH OF LIFE AND MAXIMUM SIZE. 


Spruce may be classed as one of the longest-lived trees in the 
eastern United States, ranking with the white oak in this respect. 
In a virgin stand spruce seldom matures under 200 years, and the 
average age of the trees in such stands is undoubtedly nearer 250 or 
300 years. According to Mr. Austin Cary, the oldest Spruce which 
came under his notice in Maine was approximately 400 years (372 


‘ An example of the variable form and development of spruce growing under different conditions is shown 
in the following abstract from a memoir on the Adirondack spruce by the late Col. W. F. Fox, Superin- 
tendent of State Torests, in the Report of the Forest Commission, State of New York, 1894: “A 
spruce 20 inches in diameter growing in a clump of spruces will yield five logs 13 feet 4 inches in length, 
while one of the same diameter in a scattered growth mixed with hardwoods will yield but four logs. In 
the one growing among hard woods after four logs have been cut from the trunk the diameter of the last 
or top log at its small end will be from 10 to 12 inches, but the limbs above this point will be so thick and 
large that the fifth log would not be over 5 or 6 inches at the top and would not be accepted by the lumber- 
man. A tree of the same species and size growing in a clump will yield five logs because the shaft does not 
diminish in size sp fast owing to the lighter growth of limbs that form its top. While the larger spruce are 
found scattered among the hardwoods, the tallest ones of like diameter are found growing in the spruce 
clumps.” 
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years on the stump). The tree measured 28 inches in diameter and 
97 feet in height, and a merchantable log 65 feet in length was cut 
from it. The central stem measured 200 cubic feet (from 1,200 to 
1,500 board feet). When cut it was in thrifty growing condition 
with a long, full crown. The trunk was sound throughout except 
for a slight discoloration and softness im the sapwood near the top. 
The late Chas. H. Green, of White River Junction, Vt., gave the fol- 
lowing details of a tree cut in Pittsfield, Vt., at an elevation of about 
800 feet above the White River. The tree was cut into four 14-foot 
logs and a top log of 24 feet. The top diameter of the fifth log was 
22 inches and the top diameter of the butt log 36 inches. The total 
scale was 3,590 feet. The tree was upward of 320 years old on the 
stump and was broken off at a height of 120 feet, where it had a 
diameter of 5 inches. A companion tree of 30 inches on the stump 
made six 14-foot logs, the last of which was 12 inches at the top end. 
He stated that when the logs reached the bank it was decided to 
blast them open in order to run them in a smal! stream and that when 
they reached the Connecticut River the rivermen used them as 
boats while poling logs out of the eddies. 


SUSCEPTIBILITY TO INJURY. 
FIRE. 


Spruce is particularly suceptible to mjury by fire on account of its 


- slow growth in early life, the resinous character of its exudations, 


and its shallow root system. Ground fires are a menace to young 
spruce for a much longer period than to many of its associates. Its 
slow growth delays the formation of a protective corky layer of bark; 
and the long persistence of its lower branches lays it open to complete 
destruction by fires which its less tolerent neighbors would escape by 
having their crowns sufficiently elevated to be out of reach of serious 
damage. 

On many of the situations where spruce grows the soil is very 
shallow. Jt is here dependent in large measure upon the humus and 
moss cover for the protection of its superficial root system. <A surface 
or ground fire in such a place would almost certainly destroy this 
protective layer, even though it was not of sufficient intensity to 
scorch the trunks of the trees. Serious damage to the roots would 
almost inevitably result, thus causing the death of the stand outright 
or creating a condition favorable to windthrow. 

On account of the tolerance and consequently the relatively heavy 
crown of spruce, a large quantity of inflammable débris is left on the 
ground after lumbering, which makes the fire menace much greater in 
spruce stands than in those of the pine and other species in the region 
of its occurrence. This menace persists for several years, probably 
not less than from 7 to 10 years, even when the tops are lopped. 
Lopped tops m contact with the ground will have commenced to 


J 
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decay by that time. There are so many twigs or lops, however, that 
they must be piled out of the way of logging, and thus elevated from 
the ground they remain in an anflammable condition for a long time. 
Windrows of spruce lops even under fairly moist conditions will sup- 
port the weight of a man, thus showing them to be in comparatively 
sound condition, at least from 7 to 10 years after cutting. Even 
if they could be scattered over the ground, their bowed form and 
elasticity would render it difficult to secure an intimate contact with 
the ground unless they were cut up into small pieces. Their rapid 
decay is still further hindered by the resinous character of the wood. 
FROST. 

Spruce is rather generaily subject to splitting, particularly in very 
cold exposed situations. This defect is caused by an unequal shrink- 
age between the heart and sapwood under the action of a sudden drop 
in temperature below freezing. It may also be accentuated to some 
extent by the swaying of the tree in the wind when m a frozen con- 
dition. Spruce having this defect is known among lumbermen as 
‘‘seamy’’ spruce. If the grain of the wood is straight, the defect 
will not cause much loss in sawing; but if it is not straight, the tree is 
useless except for pulp. As frost crack results from climatic condi- 
tions, its prevention is not feasible. Spruce is not particularly sus- 
ceptible to the defect known as ‘‘cup or ring shake.” 

SUN. 


T'rees grown in a dense forest usually have their boles well cleared 
of branches. Therefore when a portion of the stand is removed 
injury may result from sun scald through exposure of the remaming 
trees to direct insolation. The damage is generally confined to the 
side of the tree facing the southeast, and conditions are most favor- 
able to its occurrence im the late winter and early sprmg. It may 
result from the cambium on that side of the tree becoming prema- 
turely active under the influence of a period of mild weather and a 
heavy freeze coming on afterwards and killing the new growth. A 
thawing-of one part of the tree under the influence of direct insolation 
while the rest remains frozen might also cause it. Separation of 
bark and wood and the collection of moisture in the cavity almost 
inevitably follow such thawing and afford suitable opportunite for the 
entrance and development of fungous spores. Such a condition 
gives rise to a defect known as ‘‘spruce canker.”’ 

INUNDATION AND ICE GiRDLING. 


Although spruce will grow and thrive in moist situations, it is 
permanently injured if not killed outright by inundation, depending 
upon the duration of the flooding. Spruce is also killed by girdling * 
when the inundation is accompanied by the formation of ice about the 
tree trunks. 


1 See p. 57. Bulletin 26. U. 8. Department of Agriculture. Division of Forestry, Oct. 1899. 
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Fia. 1.—WINDFALL AFTER LOGGING. 
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Fia. 2.—STAND KILLED BY FIRE WHICH DESTROYED THE THIN SOIL Cover OF Moss, 


EXPOSING THE ROOTS WHICH REST ON THE UNDERLYING ROCK STRATA. 


DAMAGE TO SPRUCE. 
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ANIMALS. 

Young spruce may be severely damaged by the tearing off of its 
bark by deer when rubbing their antlers to remove the “velvet.” 
Balsam, however, is much more liable to injury of this sort than is 
spruce, presumably because of its smoother bark and the healing 
effect of its resin. Hedgehogs also damage spruce to some extent 
by gnawing the bark. Squirrels and mice eat enormous quantities 
of seed, and undoubtedly do further damage by burrowing about 
the roots, thus exposing them to danger of fungous infection. The 
rodents may even be the means themselves of inoculation. Squir- 
rels, particularly, feed on the fruiting bodies of different fungi, 
which can often be found on dead limbs along the trunk of spruce 
where they have been carried and partly eaten. 


GRAZING. 


Spruce is susceptible to very little injury by the browsing either 
of deer or domestic animals. When very young the seedlings are 
liable to serious injury by being trampled by the grazing stock. 
If it were not for this, the presence of stock in young spruce stands 
would be of advantage in keeping the grass cropped down and the 
young hardwoods and balsam browsed. 

There is at the present time a tendency in parts of the spruce 
regions of New Hampshire and Vermont to allow pasture land to 
srow up to spruce, at the same time allowing stock to graze as long 
as they can find sufficient pasturage. Such an attempted dual use 
of the land is of advantage to neither the cattle grazed nor to the 
forests to be grown. The resulting stand of spruce is very ragged and 
uneven-aged, being composed of large, spreading-crowned, scrubby 
trees interspersed by occasional thickets of younger growth. These 
latter come up In the cpenings which are from time to time cut off 
from grazing by the interlacing of the low crowns of the larger trees, 
which hinders the passage of the stock. On account of the gradual 
encroachment on the intervening areas of the crowns of the larger 
trees, many of these younger saplings are eventually suppressed. 

The yield from such a stand is very much less than the iand is 
capable of producing; the quality of the material in inferior, and 
much of it is useless even for pulp. Much time also is wasted in 
cutting the big-limbed, scrawny trees, which materially reduce the 
output per day, increase the cost, and yield heavy sticks difficult to 
handle. Thus the normal value of the land is reduced not only as a 
pasturage investment but as an investment for pulpwood production. 


WIND AND SNOW. 
The susceptibility of spruce to damage by windthrow is very 
great on certain situations on account of the shallow nature of its 


Toot system. The foliage and young shoots may be considerably 
damaged by hail and are thus rendered more vulnerable to insect 
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and fungous attacks. Wet snow and sleet are also responsible for 
considerable damage to young spruce. The weight of snow will 
often bend the young trees over beyond the point where they can 
recover their erect position. 


FUNGOUS GROWTH. 


Spruce is susceptible to injury by fungous growths of many sorts, 
which gain entrance into the wood through wounds resulting from a 
variety of causes. Some of the fungi can not thrive on a thrifty 
growing tree, but are secondary causes of death. Others, however, 
are unselective as to the thrift of their host. 

Three root parasites? which attack the spruce are Polyporus 
schweimtzu, Poria (Polyporus) subacida, and Fomes (Polyporus) 
annosus. Polyporus schweinizu, the worst of these, is very preva- 
lent throughout the northern spruce and fir forests, where it attacks 
old and young trees alike, as does also Poria subacida. To what 
extent Poria subacida is the cause of the death of the tree, however, 
is not known, nor whether it attacks perfectly healthy trees; but it is 
known to be particularly destructive to dead timber. Somes 
annosus, although very destructive in the forests of Hurope, has not 
been accounted so in our eastern forests up to the present. These 
fungi usually spread through the soil and gain entrance to the tree 
through the roots, which makes them difficult to detect and still more 
difficult to combat. While it will not do to hunt out diseased trees 
as is done in Europe, it may prove of advantage whenever an infected 
group of trees is found in lumbering to cut all nearby trees. Decay 
will not, in many cases, have extended so far up the trunk as to 
prevent one or two merchantable logs being obtained. 

Three wound parasites? which do a great deal of damage to spruce 
are Trametes pim abietis, Komes (Polyporus) pinicola, and Polyporus 
sulphureus. They gain entrance to the tree above ground through 
wounds on the trunk and branches, and spread up and down the 
trunk from the point of infection to the topmost branches and to the 
roots. Trametes pint abietis very commonly attacks both the 
heartwood and sapwood of spruce and literally riddles them with 
small holes. Homes pinicola, while it attacks living trees, is generally 
found on those individuals which have a weakened vitality, and is 
one of the first to settle on such trees as have met death through 
other causes. Polyporus sulphureus is found on spruce, but is more 
prevalent on hardwoods. There are undoubtedly many others of 


i Those desiring detailed information concerning fungous diseases and how to combat them should com- 
municate with the Division of Forest Pathology, Bureau of Plant Industry, Washington, D. C. 

2Von Schrenck, Herman: ‘‘Some Diseases of New England Conifers,” U. S. Department of Agriculture, 
Div. of Veg. Phys. and Path., Bulletin 25, 1900. 
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this type of fungous growth which prey upon the spruce, but those 
enumerated are the most common and most destructive. 

Itis obviously impossible to introduce intensive protective measures 
in our wild and uncultivated forests. However, it is possible, and 
in the long run it will be profitable, to adopt such measures as will 
certainly aid in prolonging their health and usefulness. In the 
process of lumbering, particularly where the selection system is 
being employed, a careful scrutiny should be made of all trees which 
are to be left. Merchantable trees in a defective condition, whatever 
their size, should be removed in order to get the present value of 
their sound portions and at the same time prevent so far as possible 
their becoming a menace to the healthy trees remaining. This 
would inciude the cutting of standing dead and down timber when 
marketable. In similar manner, areas upon which the timber has 
been killed by fire, windfall, or serious imsect attacks, should be 
lumbered immediately upon the discovery of the damage. If such 
timber is cut immediately, its value will be only slightly, if at all 
impaired, and it will yield as good lumber as before its death. This 
logging will, in certain instances, entail a somewhat greater expense. 
The disposal of slash by burning after lumbering, using suitable 
safeguards, is another precaution which will be found desirable. If 
slash is allowed to remain on the ground, it constitutes a center of 
infection for fungous diseases and insect pests, thus jeopardizing the 
health of the remaining timber. 


INSECTS.1! 


Spruce has many insect enemies which prey upon its bark, wood, 
twigs, and foliage. Those known as bark and wood miners cause 
the greatest damage. They attack the old and valuable timber and 
are either primary or secondary causes of its death. Young trees 
are subject to injury by the white-pine weevil (Pissodes sirobi Peck) 
and the spruce gall louse (Chermes sp.). The latter affects the young 
twigs and the former the terminal shoots. As a result of their work 
the trees become deformed or stunted in growth. 

Among the bark miners the southern pine beetle (Dendroctonus 
frontahs Zimm.) and the eastern spruce beetle (Dendroctonus pice- 
aperda Hopk.) are considered the most serious pests. To the former 
has been attributed the destruction of a vast amount of spruce timber 
in West Virginia and the adjacent region, while the eastern spruce 
beetle is accounted responsible for the ravages of past years in 
Maine and New Hampshire. The attacks of the southern pine 
beetle are disastrous to both pine and spruce in areas south of Penn- 


1Those desiring detailed information concerning forest insect pests and methods of combating them 
should communicate with the Division of Forest Insect Investigations, Bureau of Entomology, Wash- 
ington, D. C. 
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sylvania; but thus far the eastern spruce beetle is credited with 
confining its baleful activity to the spruce alone and to areas north 
of West Virginia. Both of these insects attack perfectly sound, 
thrifty timber of the best quality—that is, trees from 10 to 12 inches 
in diameter and larger. Although they manifest a preference for 
standing trees, they will breed in windfallen trees and, more rarely, 
in stumps and logs. 

Certam insects which infest the spruce are able to do their work only 
when the vitality of the tree has been reduced either by a former 
insect attack or through disease. The wood miners work within the 
woody parts of the tree rather than in the cambium, and continue 
their work after its death, as well as in the log after it is cut. They 
are usually of no detriment to the health of the ving tree, but their 
excavations into both the heartwood and sapwood cause wormhole 
defects and afford favorable means for the entrance of fungi. 

While the insect enemies of spruce have many natural enemies, 
such as the birds, parasitic insects, and fungi, and predacious insects 
which feed on and destroy their young, their ravages are not always 
held in check by such means. According to Dr. A. D. Hopkins,} 
forest entomologist of the U. S. Bureau of Entomology, the general 
methods to be adopted are as follows: 

For the southern pine beetle: (1) remove and burn the infested 
bark from the trunks of the trees while still standing; (2) place the 
infested portions of the trunks in water; or convert the infested trees 
into cordwood, lumber, or other products and burn the slabs or bark 
before the beetles leave the bark. 

For the eastern spruce beetle: (1) Regulate the winter cutting so 
as to include as many of the infested, dying, and dead trees as pos- 
sible, and place the logs from them in water before the first of June; 
(2) regulate the summer cutting so that as manyrecently attacked trees 
as possible may be cut and the bark removed from the trunks and 
stumps; (3) girdle, early in June, a large number of trees, in the 
vicinity of infested localities where logging operations are to be 
carried on the following summer and winter, the girdled trees to be 
felled and the logs containing the broods of the insect attracted to 
them either peeled or placed in water before the first of the succeeding 
June. The trees selected to be girdled should be sound and healthy 
and not less than 15 inches in diameter, and the girdlng should be 
done by hacking the tree with an ax through the bark into the sap- 
wood and around the trunk 2 or 3 feet above the base. 

A large percentage of dead spruce remains sound for a considerable 
period after being killed by these insects, and should be salvaged when 


10.8. Department of Agriculture, Div. Ent. Bulletin 28; also U. 8. Department of Agriculture Farmers? 
Bulletin 476. 
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possible. Since the mature living timber is the most subject to attack, 
the cutting over of the remaining virgin tracts, using an approximate 
diameter limit of 14 inches at breast height, will greatly reduce the 
danger of subsequent serious damage arising from this source. 


GROWTH. 


Spruce varies more or less widely in growth, iorm, and development 
with the character of the stand, the density of the stocking, and the 
exposure and quality of thesoil. Virgin or old-growth stands present 
a distinctly different set of conditions from the second-growth stands. 

The virgia stands are, without exception, of the natural selection 
form, in which each tree or small group of trees develops individually; 
all ages and sizes are represented, from seedlings to overmature 
veterans, but the older age classes generally predominate. The 
second-erowth stands, on the other hand, are in a large measure of 
even-aged form, either in groups or over whole areas; the trees all 
start at approximately the same time and develop as a unit rather 
than as distinct individuals. The conditions surrounding these two 
modes of development give rise to differences not only in the rate 
of growth in volume, height, and diameter, but in the form of bole 
of the individual tree. 

HEIGHT GROWTH. 

In the virgin forest or in one managed under the selection system, the 
height growth of spruce bears no definite relation to its age. Itis the 
soil quality, or site quality, whose influence is particularly manifested 
in height growth. Mature spruce in the virgin-forest types in which 
it characteristically occurs shows the same relative height develop- 
ment in Maine and the Adirondacks for the corresponding soil types. 
The ‘spruce swamp’ shows the least development in height, aver- 
aging for the tallest trees about 60 teet in Maine and 72 in the 
Adirondacks, followed by the “spruce flats” and ‘‘spruce slopes,”’ on 
which the heights are nearly the same, namely, 70 teet in Maine and 
75 feet in the Adirondacks. Spruce reaches its best development on 
the ‘spruce and hardwood lands,” with heights of 75 feet for Maine 
and 80 feet for the Adirondacks. The differences in average height 
for similar types in Mame and the Adirondacks are in large measure 


accounted for by the fact that the averages for the Adirondacks 


include a large percentage of virgin growth, while those for Maine are 
based almost entirely on figures from cull forests, which are lacking 
in. the larger sizes. The inferior height growth in the ‘‘spruce swamp”’ 
and ‘‘spruce slope”’ situations is attributed to the fact that not only 
the growth in these situations is slower, but also that the timber in 
many cases is second growth. Stands in these situations are par- 
ticularly likely to be overturned by the wind on attaining a certain 
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height. The succeeding second growth may pass through the same 
stages, so that these stands may be relatively young. 

Table 4 gives height growth of selection stands in Maine, New 
Hampshire, the Adirondacks, and West Virginia. It will be noted 
that the heights in New Hampshire are below those in Maine and 
New York, particularly ia the larger diameters. This is undoubtedly 
due to the fact that the New Hampshire data were collected toward 
the southern edge of the White Mountain spruce forests, where the pre- 
vailing conditions are less favorable to spruce than those farther 
north. The values given for New York, on the other hand, are 
doubtless somewhat high because of the exclusive use of dominant 
trees as a basis for the height curve. The average height develop- 
ment is slightly better in New Hampshire than in Maine and is 
somewhat better in Maine than in New York for the same type or site. 


TABLE 4.—Height growth of spruce (based on diameter). 


[CURVED.] 
{ 
‘ Maine.1 | New Hampshire.? New York. West Virginia.‘ 
Diameter 

breast ia | ag 

high. | weight. | Basis. | Height. | Basis. | Height. | Basis. | Height. | Basis. 
Inches. Feet. Trees. Feet. Trees. Feet. Trees. Feet. Trees. 

1 ase 1 Ae |e ee Re 1 hs el eee ee dO ae re Se Oe Ie ees tee cc arc 

Dates =e DSiraii BSc 23 $2 1A a bee estes Lh eetes eee GWA Pass Sao 

Beeson fe i fe oi ig ee PE Yie ince 5a Pe Eh a eh DDN Brera ters fais 

2 eee pis 29 5 P| eb stcrs oat 29) ql eee ee DBA Hie we chek wie 

Heey aes 34 3 BA Se aS revere 34 1 34 1 

6.532522 33 6 38 21 39 6 4) 3 

(eee 42 8 43 36 43 8 46 1 

Sel eeepe 46 13 46 76 47 24 51 5 | 

Ge. Lomas 50 17 50 75 50 19 56 12 
10SS5248 53 31 53 87 53 55 61 26 
ih Ree 56 21 56 76 56 37 66 34 
1 Vey 4 59 23 58 87 58 29 71 42 
| ae ese, 62 19 61 54 60 18 75 36 
4533522 65 24 63 63 62 23 79 46 
i Vaesoaee 67 13 65 33 64 15 82 22 
16 3.0.22 70 13 67 36 66 5 86 39 
i 7 (ene 72 13 63 24 68 4 89 20 
16 Sees: 74 19 69 21 70 2, 92 29 
19 se 76 5 71 13 71 1 95 16 
Des 5 73 7 72 9 [3h ol.. pees 97 27 
7] lass ee 79 5 72 3 74 1 100 18 
223. | 81 4 73 3 76 1 102 21 
PEM cata | 83 4 TAN oe otra cas Se ee 104 13 
DALES Ss | 84 1 TA) tide S Pepe S| S6 A ee 105 8 
DD sa ebiain 86 1 ED: \\accra's.ormtainr Stell sar sea ece aie | Seen 107 9 
26 SER es C2) AEN 5 5 ee eee 75 3» bon aS eeebrene 109 iii 
DT scan eh te olajahiac’e2yal| eras 'p-aieye ie" asia baracrate ral ee nS eit as =| Gta ener ee 110 6 
DS staike Se Nae as 3 AES SSS eel Pe wea ee Seb ae See ee eee ee ee J11 9 
DOs. ciid ws wills aetna we ledl YE tein, ehodelera'2ll and oud ee daoknl | tte baer hehe tea oe 112 6 
OOo S22 ESS ee oe es A ee ale ee ed ae. Sa Fe ae Fe ee eens 113 2 
BL oscs aie «|e oor ope Sai ins p = I on | own oa ¥atete o)l Rann oYe tee are | este eo net | 114 2 
Bod oi louiw} od Selo os 1 Sic Ne bane do ee. ANG RS Seer ee eee ee | re DD Wieaetee sess 
BOs 2 Raps silo ene ould siete ete mabe cele ee ccs ae se ponte he OEee Ee 116 1 
B4j2 52 Hae HOM Eee Se oe Sa 2 ee. SERCEISS SEES eee | eee 117 1 

ede Oe 2 ae ae ee 720 bl) 250i¢-lwacs 2aeaee 462 


1Spruce slope type. Data collected by R. S. Hosmer. 

2 Spruce slope type. Data collected by T. S. Woolsey, jr. mee 

8 Spruce hardwood type (dominant trees only). From dava collected by the Conservation Commission 
of New York. 

4 Spruce siope type. Data collected by John Foley. 


In the even-aged, second-growth forests, the individual tree is not 
subjected to long or varied periods of suppression. All of the trees ~ 
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which gain positions in the main crown cover start at about the 
same time and develop with very little interruption. Their height 
and age may consequently be easily correlated. The following table 
shows the average height of the dominant and intermediate trees 
comprising even-aged second-growth spruce stands of different ages 
and on sites of different quality, measured in Maine, New Hampshire, 
and Vermont in the fall of 1910. 


TaBLE 5.—Height growth of spruce in even-aged, old pasture stunds in Maine, New 
Hampshire, and Vermont according to age and site qualities. 


[Average height of all dominant (including codominant) and intermediate trees in stands of different ages. | i 


[CURVED.] 
Site qualities. 
Age. = Basis. 
I. ME 10k, 
Sample 
Years Feet. Feet. Feet plots - 
Vecsssac 24 19 i. ile eh ee eee 
2B aR ee 31 25 20 1 
30-2 -.--- 36 31 PAGS tl ae aes 
DORE eee 42 36 30 1 
Aone eeac 46 40 Ae [Geceaccrees aa 2 
LGVineo ane 51 44 37 1 
DOES eee 55 47 40 6 
Sinaeea see 58 50 42 6 
G0E aaa: 61 53 45 8 
Giese see 64 55 47 16 
TORRE ER 66 57 49 14 
(i ipemmace 68 59 50 4 
80h 2222 70 61 52 1 
olay ees, 72 63 BOM eauetey gen 
OD Ree eres 73 64 DOUG I eereneree 
anes ete 74 65 56 1 
1003 76 66 Dinu Peto esee 
59 


From sampie plot data collected in 1910. 


For purposes of comparison the growth in height of Norway spruce 
is given in Table 6. 


TABLE 6.—Height growth of Norway spruce.' 


Average 
Age. height of 
stand. 
Years. Feet. 
5 8 
10 16 
15 24 
20 32 
25 39 
30 45 
35 50 
40 54 
45 58 
50 61 
55 64 
60 66 


1 Based on all measurements of all trees in 11 plantations (8 Quality I and 3 Quality II) 24-55 years old 
(curved), made by Messrs. Tillotson, Barrows, and Williamson, of the Forest Service, in 1911, in Rhode 
(sland, Connecticut, Illinois, and Iowa. 
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There is little doubt that Norway spruce makes a better height 
growth in early life than our native spruce. It is well to remember, 
however, in making comparisons in this particular instance, that the 
two grow under entirely different sets of conditions. While the 
native spruce has developed from seed under the keenest possible 
competitive conditions, the Norway stock was in all likelihood nur- 
sery grown, so spaced when planted as to eliminate undesirable com- 
petition during early life, and possibly even cultivated. Then, too, 
such plantations in general have been made on a rather better soil 
-even than that on which the average first quality red spruce stands 
are found. 

A comparison of the height growth of spruce seedlings in the forest 
and in the open is shown in Table 7. 


TABLE 7.—Height growth of spruce seedlings. 


Height. 
Age. j 
Tn the- In the 
forest.! open.? 
Years Feet. Feet. 
5 0.3 0.8 
10 0.7 2.4 
15 ital 6.0 
20 1185 10.0 
25 2.0 16.0 
30 2.6 28.0 
35 BAS 35.0 
40 pO HN ped ee Segiren ey 2) & of 
45 SzON De bated eee 
XQ 


1 Based on 615 trees. Data collected by R. S. Hosmer, 1901, on the New York State Forest Reserve. 
2 From p. 59, “Forest Conditions of Northern New Hampshire,” Bulletin 55, Bureau of Forestry, 
U. S. Dept. of Agriculture. 


The column of height in the open is entirely conservative, as will be 
noted by comparing it with Table 5. 


DIAMETER GROWTH. 


The growth in diameter of spruce in virgin and other selection-form 
forests is, like the height, largely independent of age. The relation 
between diameter and age, however, can more readily be established 
than that between height and age, since merely from a stump analysis 
results closely approximating the truth can be obtained. 
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TABLE 8.—Diameter and age of spruce in Maine.! 
[(a) Averaged according to age.] 


Per cent Average Average 
Class. Number of total | “YeTse | putt di- aeiees top di- 
of trees. | number. : ameter. Btn. | ameter. 
Inches. Feet. Inches. 
Miter CAl Ss Bees A As a ated 52 4,9 114.5 1D 26. 4 8.0 
125-150 wane - ot Ni cage SF Cea) Sas Aaa 120 11.4 138.7 12 1 28.5 8.5 
TG) S175) S/R en ei a 210 20.0 162.6 12.9 29.9 8.6 
LP SZAG)) SCENES] 2 ee oe ee 218 20.8 182. 6 13.5 30.3 8.9 
227.5) 8 CES a ee ee eee 210 20.0 210.8 15.0 318 9.9 
PP IORUOALS Stee crnrerats ati aicare ole ates oye o wc wien 125 11.9 235. 5 15.9 32. 2 10.0 
PD OMRVORUS ie seelsere see elicit mesic senile wee 72 6.9 260.3 16.0 32.9 10.3 
Pie OOP MMCHIS see rnin slaleia alm os wsi> ain otal a = =/enie = =] 29 2.8 285. 6 17.5 34. 4 11.5 
(GNeiE SU Sey Geta a i 14 1.3 | 311.6 18.5 | 37.1 12.0 
Mverage of all2...) Wl). 2 8b. 1050! | 228 ene | 192.0 14.1 30.6 9.2 
i} 
[(b) Averaged according to butt diameter.] 
Per cent 
Number Average 
Class. of trees. of valal age. 
Wray? 110 initia) sae Base See ee Seca eRe as Ghee n pone Stone sense 42 4.0 162.0 
LGA METS OR Bee ee ne ee oe ee Ae as ono Bit ote ce ae een 97 9.2 170.1 
LRP O Tale OS g,0, PAeOe See tet eel ee CLM noe Enso aaron ares 123 11.7 WAL} 
TAT) TEES SAS 3 Meet che es eee Sate RE eee a ree ere se eee 158 15.1 174.0 
TSI ERCHES So sec---- -- Senn ee Ems. ue Se eek crap rae ea ia 162 15.3 3.189. 1 
PAE MIM CHER emer neem ect scees Meee esos lt en es see aie oe Semen 117 11.2 3185.4 
UFO WACICSS Sci 5e SO ee ee ee eer era es A bien SEDs oe See 94 9.0 197.7 
TR=M7/ Ta NON AO ee Rn Bee ee ee to ae see aes Site 76 To3 214.0 
L7H MG IGS JES Soho doen eo eae Gone ene ee eee EPee re ree oho weae 62 5.9 217.1 
[GI RECN 6 CCR S SURE Cow POOR EE IS NE Een amen ese iain NG 43 4.1 228.7 
1A WIG TCR SS Genre unos BOR Saar e en a ROAR ne eae mee omibse me aes rica 19 1.8 230.1 
One OMe Mester eens = ae ies Seis Sita) av cd Satsle eeeisoeelaeeere ane 57 5.4 244. 8 
IASC HEIs es ete ales a a 


1 From a special report ‘‘On the Growth of Spruce, by Austin Cary, in the Second Annual Report of the 
Forest Commissioner of the State of Maine, 1894. in explanation of the foregoing table Mr. Cary says: 
“Ty all, 1,050 spruce logs were examined for this purpose, taken on drives and millyards. The length and 
end diameters of each log were measured, and the rings of the butt counted to ascertain the age. About 
two-thirds of the logs were grown in the western part of the State on the drainage ofthe Androscoggin. The 
remainder were partly from the Kennebec, partly from the Aroostock branches of the Penobscot. A small 
proportion of the logs measured were cut for pulp, which renders the selection all the more representative. 
The tables which embody the results of the work need, it would seem, very little explanation. The trees 
were first divided into age classes, and the dimensions of the logs in each class averaged. Then the same 
logs were divided according to butt diameters and the average age ascertained for trees ofeach size. The 
most usable result of the work is the grand average of these facts for the whole 1,050 logs. The average 
dimensions of the logs represent a tree containing about 23 cubic feet, or say 120 board feet, and this was 
grown on the average in 192 years. Adding to the log 2 cubic feet for stump and 7 more for the top, adding 
also to the age 20 more years for the height growth of the stump, then dividing contents by age gives the 
figures fifteen-hundredths cubic feet. Thatistosay,aspruce tree on the average and throughout its life 
until cut, maintains a growth of 1 cubic foot in six and two-thirds years. In adult life the growth per tree 
would be considerably greater. In young seedlings it would for many years be less. The percentage of 
growth to stand can not be immediately derived from these figures.” 

[In connection with the information just quoted, it seems evident that the words “log” and “‘tree” are 
used. synonymously in referring to the ‘‘ used length.”,—Author. } 

2 A log of these average dimensions contains 23 cubic feet, or about 120 board feet. 

3 A 134-inch tree, of course, is not as a rule older than a 144-inch tree. Theirregularity shown in the series 
would doubtless be corrected if the larger number of trees was taken, 

Average of 50 pine logs: Age, 102.8; butt diameter, 16.1; length, 30.3; top diameter, 11. A log of these 
dimensions contains 30 cubic feet, or about 175 board feet. 


It is in most cases of little practical value to the lumberman to 
know the direct relation between the actual age and the diameter of 
trees in a selection forest. A knowledge of the length of time required 
for a tree to grow from 1 inch diameter class to the next is, however, 
important. Tables 9, 10, and 11 show this as well as the corre- 
sponding rate of growth per annum of each diameter class.1 


1 Besides showing these values based on an average of all trees measured, the West Virginia and Adiron- 
dack tables show absolute maximum and average maximum values as well. These are obtained by using 
only values representing maximum and average minimum growth conditions, eliminating all periods which 
show the effect of suppression. 
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TABLE 9.—Diameter growth of spruce in Maine, by types.’ 


{Based on the last 20 years.] [CURVED.] 


Lower spruce | Upper spruce 


Average of all 
and hardwood | and hardwood 


Lower spruce | Upper spruce types, 1,174 
’ 5) 


land, 564 trees. | land, 379 trees. | S!0Pe, 144 trees. | slope, 87 trees. trees. 
Diameter breast : ; ) : : 
high. Perio |) SAMO |! perit| 785) paris weer Per aaa Peri- enn 
ee cured seat anit dt ne ane danual uted Sina pores 
growth 7 = ae growth Ceene growth.| 5 ore growth.|') ae growth. Racer 
Inches. Inches.| Years. |\Inches. | Years.| Inches.| Years.| Inches.| Years.| Inches.| Years. 
Shins o.teestin oeweseae 0. 036 28 | 0.054 19} 0.015 67 | 0.026 38 | 0.034 29. 
See I «eR 3 048 21 063 16 022 45 030 33 - 045 22 
Wot nae eee cosets 063 16 071 14 - 032 31 034 29 . 056 18 
SS AE ee a ee 080 13 078 13 046 22 - 038 26 068 15 
Qa sesh pe ores - 098 10 085 12 - 067 15 . 041 24 081 12 
LOS oe 3 eee .114 9 091 il 093 11 044 23 093 11 
i eee See - 126 8 096 10 pile} 9 - 047 21 105 10 
(DE ss 5 ee a ere nee . 136 if . 102 10 - 124 8 . 049 20 115 9 
LS oa eee - 142 7 - 109 9 AiR; 8 - 052 19 122 8 
1 ee Seer - 146 i 112 9 . 126 8 . 055 18 126 8 
ADRS? see ceo cet cee - 148 7 112 9 5122 8 . 058 17 . 129 8 
AGH es ee eS. Se - 150 7 . 109 9 .116 9 - 060 17 130 8 
iY (od SPA ee - 148 7 . 106 9 ili) 9 . 062 16 - 129 8 
Lee Seer aes 4 Seems © . 146 7 - 106 9 - 103 10 . 062 16 126 8 
LOR os SEE oes - 142 7 - 106 9 - 096 10 - 062 16 . 122 8 
7. LSE Seana 8 ie eee . 138 7 - 106 9 - 091 il - 000 17 116 9 
Average....... 141 7 | 104 10 | oe | 9 052 19 119 8 


1 From data secured by R. S. Hosmer, 1902, on partially culled land in Squaw Mountain Township, 
Me., and including trees of all crown classes. 


TaBLeE 10.—Diameter growth of spruce in New York." 


[All types, spruce-hardwood type chiefly; dominant trees only.) [CURVED.] 


Absolute maxi- 


Titel. Average maximum.) Average. | 
Diameter < | 
reast n * . asis | 
: Arie Time aie Time «as Time 
high. Periodic required Periodic required Periodic required 
annua! | to grow ual | ‘togrow | 202ual | to crow | 
growth. iveidn growth. aa growth each 
Inches. Inches Years. | Inches Years Inches 
Adios 29:43 0.176 5.7 0.111 9.0 0. 046 ; 
Dre she 3 . 218 4.6 - 140 7.1 . 061 F 
abe eects . 253 4.0 . 164 6.1 -075 
LR Ose - 282 3.5 . 186 5.4 - 089 c | 
Dees cee . 309 3.2 . 205 4.9 -101 9.9 10 | 
Gosn css . 324 3.1 «217 4.6 . 110 9.1 42. | 
eeepc - 331 3.0 . 223 4.5 .115 8.7 32 | 
8 Bs Se - 328 3.0 . 223 4.5 -118 8.5 57 
es eae -317 3.2 219 4.6 «121 8.3 46 
10 cee ae . 297 3.4 - 210 4.8 - 124 8.1 65 
11 Be - 270 3.7 . 197 5.1 . 124 8.1 44 
| VES eee - 245 4.1 . 184 5.4 . 123 8.1 27 
13 wees - 216 4.6 - 168 6.0 -119 8.4 19 
WA ocesee . 187 5.3 . 150 6.7 -112 8.9 25 
Uy eee . 156 6.4 . 128 7.8 -101 9.9 15 
LG recess - 132 7.6 -110 9.1 - 089 11.2 4 
Uigriisasca - 110 9.1 . 093 10.8 . 076 13, 2 4 
IB ova weucl cee ec cea Ms ««s vooc| sa cebaupens|aeeememees . 064 15.6 P4 
19. os teal oat Soles. okie cel lactone ceeeelbeeebier bed 051 19.6 1 
LD ora oie sna| vince on 6502] epin ein ac 0 onl ae nanis cislee sa ¥ayiele.c(ee aie ele aleinteteee | eteetie ete] eee 
393 


1 From data collected by the Conservation Commission of New York in 1912 on culled land in Essex and 
Herkimer Counties. 
_ ? The time required to grow to a diameter of 1 inch at breastheight was 11 years for “ absolute max- 
imum” growth conditions, 17 years for ‘‘average maximum,” and 36 years for ‘‘average.’’ 
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TaBLE 11.—Diameter growth of spruce (virg’n) in West Virginia. 


[Spruce slope type.] [CURVED.] 
Absolute maximum.| Average maximum. Average. 
Bp esmncter fn a o 
breas ee ime AOE I ime eae ime Basis. 
nich, | Periodic | poquirea | Petiodic required | Periodic | poquirea 
annual annual annual 
73 to grow to grow to grow | 
growth. | yinch. | SOW. | yincn, | StOWtb. | 4 inch. 
|- ee 
Inches. Inches. Years. Inches. Years. Inches. Years. Trees 
el hae eee 0. 202 5.0 0.125 7.9 0.051 
7 dee rene . 220 4.5 -138 (ee - 056 : 
Syonecel . 235 4.3 -148 6.8 - 060 5 
Aes ttre | . 250 4.0 .157 6.4 - 064 ¥ 
eee . 262 3.8 - 166 6.0 -039 14.5 1 
G55S2)% . 274 3.6 ol! 5.7 074 13.5 3 
ioe Oey 284 33565 . 182 5.5 - 079 12.7 1 
Beeace 291 3.4 . 188 5.3 - 084 11.9 5 
Qe zee . 296 3.4 . 193 5.2 - 099 ible 12 
LO. es - 309 33) - 198 yd - 095 10.4 24 
18 hoe - 300 3.3 - 201 5.0 - 102 9.8 27 
Ara - 390 3.3 2203 4.9 - 106 9.4 37 
Sessa - 298 3.4 . 204 4.9 - 109 9.2 28 
4 sec . 294 3.4 | . 202 5.0 - 110 9.1 42 
Noyes . 290 3.4 - 200 5.0 petit 9.0 19 
UGS Soe 282 33-5) - 196 5.1 - 110 9.1 33 
Meier et EParta) 3.6 . 192 5.2 - 108 9.3 13 
ETE eas 205 3.8 - 186 5.4 - 106 9.4 17 
ers 2152 - 254 3.9 -178 5.6 - 103 9.7 8 
DANE = 3a . 243 4.1 -172 5.8 - 100 10.0 20 
290 
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1 From data collected by John Foley in 1903 in Greenbrier County and including trees in all crown classes. 
2 The time required to grow to a diameter of i inch at breastheight was 7 years for “absolute maxi- 
mum” growth conditions, 11 years for “average maximum,” and 26 years for “‘average.”’ 


Diameters in even-aged stands vary directly with the age of the 
stand, so that the relationship of one of the other is of considerable 


importance. 


This relationship is brought out in Table 12, which is 


based on the average diameter growth of the dominant (including 
codominant) and intermediate trees. 


TasiLe 12.—Diameter growth of red spruce im even-aged, old pasture stands in Maine, 
New Hampshire, and Vermont, according to age and site qualities. 


[Average diameter breast high | of all dominant (including codominant) and intermediate trees in stands 
of different ages.] 


Site qualities. 


Basis. 


TI. 


Inches. 


DOD HR Nr OAT 01 © DF 01 00 SO O00 


| Inch 


S 


PEI PGE CACC ICES TEC ESR 
ALNOOIMANOUNROWISOH 


S. Inches. 


[X) 
De 
fen 


aos 


pe CA INE NICO CI CO Cre) 
PNUODORNOTAE AN OO 


1 ¥rom sample plot data collected in 1919. 
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For purposes of comparison Table 13, giving diameter growth of 
Norway spruce (Picea excelsa) is included. 


TABLE 13.—Diameter growth of Norway spruce. 


[CURVED. } 
ae 
5 diameter 
Age. | breast high 
of stand. 
Years. Inches. 
5 1.0 
10 8 
15 4.4 
20 5.7 
25 6.8 
30 Dah 
35 8.4 
40 9.0 
45 9.6 
50 10.2 
55 10.8 
60 11.4 


1 Based on the measurement of all trees in 11 plantations (8 Qualities IT and 3 Quality IL) 24-55 years 
a mide) by Messrs. Tillotson, Barrows, and Williamson in 1911, in Rhode Island, Connecticut, Illinois, 

Even more than with height comparisons it is necessary to bear 
in mind the influence of soil, spacing, and cultural methods on the 
diameter growth of volunteer stands and plantations when drawing 
conclusions from the foregoing figures as to the relative growing 
qualities of red and Norway spruce. 


SECTIONAL AREA GROWTH. 


The growth in sectional area, or. the increase in the superficial 
area of a given cross section, is effective as a means of comparison 
for even-aged stands of different ages or of the same age but of 
different site qualities. Either the total basal area of the stand at 
a definite height from the ground, usually at breastheight, or the 
basal area of the average tree, may be employed. Table 14, covering 
second-growth, even-aged spruce stands of the old pasture type 
shows the relative average total basal area of stands of different 
ages and site quality based (1) on all green trees; (2) on green trees 
6 inches and over; (3) on all dominant trees; and (4) on all domi- 
nant and intermediate trees. 


“ ; | ee 
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Tasie 14.—Breast-high sectional area growth of red spruce in even-aged, old pasture stands 
in Maine, New Hampshire, and Vermont, according to age and site qualities. | 


QUALITY I. | 
[CURVED. ] | 
All green trees. Geen tiees 6 inehgs Rominant dnd saber Dominant trees only. | 
Age Aver- Aver- Aver- Aver- 
: age . age = age : age 
Trees | Basal aaa preg Basal | diam- pees Basal | diam- Trees Basal | diam- 
wae area. | eter ne @. | area. |_ eter ae area. |_ eter Bee @, | area. |_ eter 
, Te: breast | @ breast 3 breast o breast 
; high. high, high. high. 
3 Years. No. | Sq.ft. |Inches.| No. | Sq.ft. \Inches.| No. | Sq.ft. \Imches.| No. | Sq.ft. \fnches. 
a PAN eS Bee 1, 580 115 SHOellanomeer laser aaleeca so 1, 294 102 3.8 489 54 4.5 
‘ Tae Se ee eas 1, 295 142 4.5 102 20 6.0 | 1,076 140 4.9 466 80 5.6 
; Gb Sica Eee 1,119 168 Jd 187 47 6.7 887 | 169 5.9 447 106 6.6 
j OMe y ae 989 193 6.0 267 77 es} 756 190 6.8 432 129 7.4 
CO Se Sa ee eens 882 216 Oh x 345 114 7.8 668 205 ie 420 150 8.1 
: CUE AE ee ee 898 237 es 419 157 8.3 603 216 8.1 410 167 8.7 
A LD Es Siete 752 256 7.9 462 195 8.8 558 225 8.6 402 183 geil 
i eer. Metice a een 707 272 8.4 480 222 9.2 527 | 232 9.0 395 195 9.5 
: Gl soa Sspedseee 668 286 8.8 487 241 9.5 506 238 9.3 388 206 9. 9° 
5 Games ee ea. 640 298 9.2 490 256 9.3 490 242 9.5 383 215 10. 2 
j COPIES: Besa 620 398 9.5 491 268 10.0 478 247 9.7 378 223 10.4 
(GS Ae oer peel 603 317 9.8 490 278 10. 2 467 230 9.9 373 230 10.7 
CU )od ee Seren see 590 325 | 10.1 489 287 10.4 457 253 10.1 368 236 10.8 
; Hise mere es epee 579 332 10.3 487 294 10.5 447 256 10. 2 363 240 11.0 
F (On322 Sees 568 338 10.5 485 301 10.7 437 259 10. 4 359 245 ie) 
OD aire pene Seii2t 558 344 10.7 483 308 10.8 427 262 10.6 | 355 249 ies 
OU shete ae ees 549 349 | 10.8 481 313 | 10.9 417 264} 10.8) 351 252 11.5 
al! : 
QUALITY II. 
OS ARES SNS ae 1, 996 OST PR OSOM saa ses |Lt her sale h ese 1, 603 SAeleeSent 566 40 3.6 | 
PA ociaet oa eee 1,520 120 Shis dssaeesc|| seteree sean cor 1,316 115 4.0 530 60 4.6 
CUES: as ie ear 1, 285 142 ARON aad BES Sa Ae Ss Lees 1,062 139 4.9) 504 81 5.4 
ST baase eames 1,142 162 Gs ik 260 58 6. 4 890 157 NS 7 484 101 6.2 
AQ Seats: 1,032 182 ae tl 335 88 7.0 774 171 6.3 470 119 6.8 
A ete eS 949 199 6. 2 403 122 7.4 697 181 6.9 459 136 7.4 
DORMS cs ses 880 215 6.7 467 155 7.8 643 189 7.4 451 151 7.8 | 
wees see icc 830 229 Weak 497 180 8.1 605 |; 196 Tet Ie e443 162 8.2 | 
GU RSA a eee ae 789 242 168 516 199 8.4 575 | 201 8.0 435 172 8.5 | 
Gore ke se 756 253 7.8 530 214 8.6 551 206 8.2 427 181 8.8 { 
AO saey sarees 42h 732 262 8.1 540 226 8.8 532 | 210 8.5 420 188 9.1 | 
oA ee a1 708 270 8.4 544 235 8.9 516 213 8.7 413 194 9.3 | 
UME On eae eee 689 278 8.6 544 244 On 503 216 8.9 407 290 9.5 | 
iis Cope eee 672 284 8.8 542 251 9:2 492 220 9.0 401 205 9.7 
ODL Sas 2285-5. 656 299 9.0 540 257 whe 482 223 9.2 395 209 9.8 | 
Chu Basco seeaes 642 295 |- 952 537 263 9.5 472 226 9.4 390 213 10.0 
LOO RE = <3 632 300 9.3 533 268 9.6 463 | 228 9.5 385 217 10. 2 i 
“a | f 
QUALITY IIt. : 
Dae ee 2, 803 GAUCHE 5 OREN IO ee ote Oe erate 2,134 Gi 2a) ee 27 oi 1 
Te See Pees 1, 870 98 Sees SS A Se eee 1,620 90 3. 2 623 42 325 t 
Sl Baeeo see ae 1, 540 115 Siig et eee EES area 1,304 109 3.9 580 oO 4.3 k 
SiS 2 See eet 1,357 131 AE Da Soe ee | cee ee ee 1,074 124 4.6 548 73 5. 0 ; 
CA (eee eee ey = 1, 224 147 4.7 311 61; 6.0 924 136 §. 2 526 90 5.6 ! 
1 ee ae 1,129 161 api! 386 89 6.5 827 145 5.7 514 105 6.1 5 
Me erista = 3 = 1, 055 175 5.5 455 115 6.8 755 153 6.1 505 119 6.5 | 
DD ee a 996 187 5.9 515 138 7.0 703 159 6.4 496 129 6.9 : 
(Doc! Sau ee 945 198 6.2 549 156 1.2 664 164 6. 7 488 138 7.2 5 
Te) soe eee eee 903 208 Co) a 171 7.4 634 168 7.0 480 146 6%) t 
RUE ES ceoseaenes 866 216 6.7 587 183 7.6 609 172 7.2 472 153 7.7 
(UL eee epee eee 838 224 7.0 597 193 len 588 176 7.4 464 158 we E 
CUS ae eee 813 230 ade 606 201 7.8 569 180 7.6 457 164 8.1 i 
ASE) Es a eee 790 236 7.4 602 207 8.0 551 183 7.8 450 168 8.3 
SO etre Yan a AY 712 242 7.6 596 212 8.1 533 186 8.0 443 173 8.5 b 
by a eee Ee eee 769 246 dex 588 217 8.2 516 189 8.2 436 iin 8.6 ; 
OO arr 8S 2 leerino 251 7.8 580 222 8.3 499 192 8.4 430 181 8.8 ; 


Based on 59 sample plots, measured in 1910. Total area, 13.1 acres. 
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VOLUME GROWTH. 


The increase in volume of trees growing in the virgin, or selection, 
forest is seldom considered on the basis of age for reasons already 
discussed under height and diameter growth. We are not much 
interested, for the present at least, in knowing how long it took, or 
would take again, to produce a spruce of a certain size under similar 
virgin forest conditions. Most lumbermen are desirous of knowing 
what can be expected of trees of given sizes for the immediate future. 
The conditions under which such growth is likely to take place will 
vary widely, so widely in fact that general tables of growth would 
be of little value. A local table made up to fit the special conditions 
of each case is much preferable. Such a table is readily prepared 
from volume or taper tables and the general data already presented. 

In preparing a table of this kind it is usually assumed that a tree 
now 10 inches in diameter at breastheight will, when it has grown 
to a diameter of 11 inches, have the volume of the 11-inch trees with 
which it is at present associated. Diameter growth figures thus form 
the basis of the calculations. If the future growth of a virgin stand 
is to be forecasted, the diameter growth figures employed must be 
those derived from trees growing under these average conditions. 
Usually, however, an immediate partial cutting is contemplated. 
Whether the growth figures for the “average maximum” or “absolute 
maximum”’ should be used will depend upon the extent to which the 
cutting opens up the stand. Conditions would need to be exceedingly 
favorable to warrant using the “absolute maximum’”’ figures of 
diameter growth. It might even happen that the “average max- 
imum”’ would show too high results, particularly for forecasting 
results within the succeeding decade. Spruce does not respond 
immediately to an opening up of the crown cover. Intermediate 
trees of from 6 to 10 inches in diameter may not respond at all inside 
of 12 or 15 years. 

The following example will suffice to show how these data are 
combined: 

Suppose one desires to ascertain the probable volume of the 14-inch 
trees in an average stand of spruce in New York 15 years after a 
cutting to a 16-inch diameter limit. Assuming such a sized tree 
to be able to take full advantage of growth conditions and develop 
at the full “average maximum’’ rate, the annual increment in 
diameter would be, according to Table 10, 0.150 inch. In 15 years, 
consequently, it would have added 2.25 inches to its diameter and 
become a 16.25-inch tree. The average 14-inch tree, according to 
Table 4, is 62 feet tall and has a volume according to Table 9 of 
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1361 board feet. A 16.25-inch tree similarly is 66 feet tall and has a 
volume (interpolated) of 188 board feet. Thus the increased growth 
during the 15 years is 52 board feet, equivalent to 38 per cent. 
When the future yield of whole stands is to be computed a tabular 
arrangement of such values will be found convenient.? 


Corresponding : Corresponding yolume value 
volume. picnataien from (4).1 


Inch Corre- 
diameter |sponding| jrect 


class. height. from ne 10 years | 20 years | 30 years | 10 years | 20 years | 30 years 
volume ameedl hence. hence. hence. hence. hence. hence. 
table. j 
1 2 3 4 5 6 7 8 9 10 
Feet. Board ft. | Board ft.| Inches. Inches. Inches. | Board ft.| Board ft. | Board ft. 
8 47 34 31 10.2 12.5 14.7 61 107 162 
9 50 43 43 11.2 13.4 15.6 77 128 188 
10 53 55 58 IO Al 14.2 16.3 97 148 209 
11 56 82 75 13.0 14.9 16.9 | 118 167 227 
12 58 97 95 13.8 11535 77 eo 13 191 245 
13 60 120 118 14.7 16.4 18.0 162 212 260 
14 62 130 143 15.5 17.0 18.5 185 23 278 
15 64 150 170 16.3 17.6 18.8 209 248 288 
16 66 200 200 17.1 18.2 19.3 233 267 306 
17 68 230 230 17.9 18.9 19.8 257 291 324 
18 70 20 QEOMES cays etal ete serene | ae ee eoreetee lls aarercraic ge [ins Moses sie [eects 
19 71 290 71 al ISERIES ES cis chat cline isc aed BECO ECR ee Een eel EME eme 
20 73 320 OS [esi 2t2 Se eeyaye leer | SEIS ee | Oe isle ese tke | ere eye ell eesels eee 
1 Interpolated. 


It will be noted that in column 3 the values have not been interpolated, although they might well have 
been. Instead they have been read directly from the volume table and the irregularities evened off in 
column 4 by curving. The values in columns 8, 9, and 10 are interpolated from column 4 in order to eliminate 
the irregularity that would otherwise result from rounding off the diameter values in columns 5, 6, and 7 
and reading direct from column4. Curving ofthe values in 8, 9,and 10 may in some instances be necessary. 


The figures contained in Tables 15 and 16 show the comparative 
development of spruce in the Adirondacks and West Virginia under 
“average maximum” growth conditions. Unfortunately, the data 
were insufficient upon which to extend the New York table above 120 
years. An inspection of the height and diameter tables upon which 
this is based, however, shows the growth of each very much slack- 
ened. Inspection of Table 15 itself shows that the periodic annual 
stowth culminated in the ninetieth year, while the mean annual 
would unquestionably culminate under 150 years. In West Virginia, 
on the other hand, the periodic annual growth does not begin to 
slacken until the one hundred and fiftieth year, while the mean annual 
erowth continues unabated until the two hundred and fiftieth year. 

1 Under ordinary circumstances it would be sufficiently accurate to use the value corresponding to a 
14-inch tree 60 feet in height which, according to Table 29, is 130 board feet. In computations of this sort 
however, the volume table values had better be interpolated so as to secure a closer reading. Thus, it 
may be assumed that if a 14-inch tree has a volume of 130 board feet when 60 feet tall and 160 board fest 
when 70 feet tall, when it is 62 feet tall its volume will be 136 board feet (130 (160-130) by 0.2). 


2 The tabular form indicates all the steps to be taken in making up such a, table of values for red spruce in 
New York under ‘‘average maximum’’ growth conditions. 
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TaBLE 15.—Cubic volume growth of red spruce in the Adirondacks, N. Y. 
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(For ‘‘aver- 


age maximum” diameter growth conditions.) 


Age. 


Years. 


Diameter 
breast 
high. 


Inche. 


~I 
NaMADOMNCUWwUF 


Height. 


[CURVED.] 
Periodic | Mean 
Volume. | annual | annual 
growth. | growth. 
- 

Cu. ft Cte fey | oi Cw. ft 
cu .u cre pales both ance 
uo 8,9) Neues oon mmmrE 

8.0 0.41 133 
15.0 -70 .214 
23.0 80 . 288 
32.0 -90 -306 
40.0 - 80 -400 
47.0 -70 427 
54.0 7 -450 


Dominant trees—spruce hardwood type. 
This table is a combination of growth-diameter Table 10, height Table 4, and volume Table 40. 
Data collected by the Conservation Commission of New Yorkin 1912 in Essex and Herkimer Counties. 


TaBLE 16.—Cubic volume growth of red spruce in West Virginia. (For “average maxi- 
mum” diameter growth conditions.) 


[CURVED.] 
Diameter Periodic Mean 
Age. breast Height. | Volume. | annual | annual 
high. growth. | growth. 
Years. Inches. Feet. Cu. ft Cu. ft. Cu. Ft 
10 0.9 TOS URES Sees TA epee tae ee 
20 Pepi LT Ae Se oe Se ae} a ee ee 
30 BY) Co yea mt eS el With hd rane aD 
40 Sel et ee Seer en eae Iprae pire al 
50 6.8 44 AT ees Seer 0. 094 
60 8.6 54 10.7 0.60 -178 
70 10.5 64 19.0 . 83 «2th 
80 12.5 73 30.0 1.10 375 
90 14.5 81 43 0 1.30 478 
100 16.4 87 60.0 1.70 600 ‘ 
110 18.2 93 78.0 1.80 . 709 
120 19.9 97 96.0 1.80 «800 
130 21.4 100 115 0 1.90 . 885 
140 22.8 103 134.0 1.90 957 | 
150 24.2 106 154.0 2.00 1.027 
160 25.4 108 174.0 2.00 1.088 
170 26.6 109 193.0 1.90 igalss3} 
180 27.6 111 212.0 1.80 1.178 
190 28.6 112 230.0 1.80 1.211 
200 29.5 113 247.0 1.70 1.235 
210 30.3 114 263.0 1.60 1.252 
220 31.0 114 279.0 1.60 1.268 
230 31.7 115 293.0 1.40 1.274 ¥ 
240 32.3 116 307.0 1.40 1.279 
250 32.9 116 321.0 1.40 1.284 
260 33.5 117 334. 0 1.30 1.285 
270 34.0 117 347.0 1.30 1,285 


All trees—spruce slope type. 


This table is a combination of growth-diameter Table 11, height Table 4, and volume Table 41. 


Data collected by John Foley in 1903 in Greenbrier County. 


While similar data are not available for either Maine or New Hamp- 
shire, a comparison of the ‘‘Lower spruce and hardwood” and even 
of the ‘ Average-of-all-type”’ values of Maine (Table 9) with the 
‘Average’ values of New York (Table 10) indicates a better average 
development in Maine than in New York. Adequate figures for New 
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Hampshire would undoubtedly show somewhat better general de- 
velopment there than in Maine. 

The growth in volume of trees in even-aged stands may be deter- 
mined in a manner similar to that just described. In this case, how- 
ever, the diameter growth instead of being calculated by arbitrary 
periods, such as 10 or 20 years, would be expressed in terms of total 
age. If the rate of volume growth is to be determined for natural 
stands undisturbed by thinnings or other treatment which would 
tend to interfere with the process of elimination by natural competi- 
tion, the diameter growth should be based on the average growth of 
all green trees of the even-aged normal stands of different ages. If, 
however, thinnings are contemplated which will enable the trees com- 
posing a stand to grow at their maximum rate with the minumum 
of competition, the basis for growth should be the mean average of 
the dominant and intermediate (Table 12) or, under the most favor- 
able conditions, the dominant trees only of the even-aged normal 
stands of different ages. 


STANDS AND YIELDS. 


The yield of virgin or selection growth spruce, both present and 
future, varies widely from one type to the other and within the same 
type in different regions. It is not possible under the circumstances 
to discuss the subject in such detail as to cover the full range of 
conditions which local variations impose, nor are the data available 
for such discussion. Given certain fundamental data, the range of 
reliability of which is less restricted than would be yield tables based 
on the widely variable conditions existing in our present- virgin and 
cull spruce selection forests, the yield for any particular tract can 
be readily computed. 

Aside from that already presented for the various regions under the 
headings of growth in height, diameter, and volume, the only infor- 
mation needed is the enumeration of the stands‘ the yield of which is 
to be determined and their average composition as to size and species 
calculated and tabulated for use in the following convenient form: 


Deen | Average number of trees. Spruce 
eter, ee Baise Se ee left to 
a Spruce Other | Total (average 

oe | “P * | species. “| number). 
1 2 3 it Sl aes 
Inches. 


1 In the appendix (Tables 50-53, inclusive, on pp. 94-97), willbe found stand tables prepared from such 
enumerations in virgin forest growth of the spruce slope type. The associated species are included asa 
matter of comparison. Incidentally, these tables show in a broad general way the relative production 
per unit of area of the different regions which they represent. 1+ must not be understood, however, that 
any claim is made that they show exact average conditions throughout their respective regions. 
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Having decided whether or not, durmg the period for which the 
future yield is to be forecasted, cutting will take place and in what 
amount, a volume growth table such as that outlined on page 41 
would be prepared. If a cutting is contemplated, there should be 
indicated on the stand table, as column 5, the average number of 
spruce trees of the different diameters which will be left for future 
growth. The present yield per acre of the stand would then be 
determined by multiplying the values in column 2 of the stand table 
by those in column 4 of the volume growth table. The future 
yield would similarly be determined by multiplying the values in 
column 5 of the stand table by those in columns 8, 9, 10, etc., of the 
erowth table. 

The yield of second-growth stands may be arrived at in a manner 
similar to that just outlined. The more direct method, however, 
is to measure all the trees on sample areas in stands of typical devel- 
opment and known age. The height, diameter, volume, and all 
other data for each plot are determined separately; and these various 
data are finally combined into a table on the basis of the age of the 
trees and the site quality to which they belong. Such a table appears 
below for normally stocked second-growth stands measured in Maine, 
New Hampshire, and Vermont. This table is based on data col- 
lected in unthinned stands of spruce which have come up on formerly 
cleared lands. So far as concerns the production of cubic volume 
and correspondingly, of cordwood volume,‘ these values represent 
approximately the maximum for their respective ages and site classes. 
The table is thus suitable for use without modification in predicting 
the future yields of stands maintained for the production of pulpwood. 
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Taste 17.— Yield of red spruce in old-field stands. 


[Based on the yield of dominant, codominant, and intermediate trees only.j 


Age. Trees 


Years. | Number. 


20 1, 294 
25 1,076 
30 887 
35 756 
40 668 
45 603 
50 558 
55 527 
60 506 
65 490 
70 478 
75 467 
80 457 
85 447 
90 437 
95 427 
100 417 
20 1, 603 
25 1, 316 
30 1, 062 
35 890 
40 774 
45 697 
50 643 
55 605 
60 575 
65 551 
70 532 
75 516 
80 503 
85 492 
90 482 
95 472 
100 463 
~ 20 2, 134 
25 1, 620 
30 1, 304 
35 1,074 
40 924 
45 827 
50 755 
55 703 
60 664 
65 634 
70 609 
75 588 
80 569 
85 551 
90 533 
95 516 
100 | 499 


QUALITY I. 


per acre. 


SSSSSOOOCOOM MIS AE 
OD RH O01 SO Om O10 OO 


ad 


SO SO SO SO 90.60/90 G0) G01 S252 Or CO 
CURNOOIANONEOWIWOOM 


Yield per acre.t 


Forest 
form 
factor. 


$0 00 G0 MINI MINI NID SS GG G9 9 BS 
PNOODDPNO WAH AIN AON 


6, 200 2,330 15 
8, 600 3, 000 22 
10, 900 3, 500 28 
13, 000 3, 860 32 
14,900 4,150 36 
16, 500 4,390 39 
17, 800 4, 590 41 
18, 900 4,760 43 
19, 800 4,920 45 
20, 600 5, 050 47 
21, 300 5,170 48 
21, 900 5, 260 49 
22, 500 5, 340 50 


1 Yield from suppressed and dead trees ignored. 


table is based. 


2Based on 59 plots, in even-aged old pasture stands; area 13.1 acres, taken in Oxford and Penobscot 


See Table 53 for actual figures on which this yield 


Counties, Me.; Coos, Grafton, and Sullivan Counties, N. H.; Caledonia and Windsor Counties, Vt. 


_ 3 Trees 7 inches and over in diameter breast high; scaled by the New Hampshire Rule; top diameter 
inside bark, 6 inches, stump height, 1 foot. : i f 
4 Trees 4 inches and over in diameter breast high; top diameter outside bark, 4 inches, stump height, 1 


foot. 


foot. 


5 Trees 6 inches and over in diameter breast high; top diameter outside bark, 5 inches, stump height, 1 
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TaBLeE 18.— Norway spruce ' (Picea excelsa). Normal yield table for northern and centrat 
Germany. 


QUALITY I. 


Diameter Yield 


Number —_ Forest 
Basal | Average of 
Age. of trees 3 ° r form 
peracre.| fea.” | height. gah sera) eacaee! 
Years. Sq. ft. Feet. Inches. Cu. ft. 
40 1, 254 194.8 47.9 5.4 4,973 0. 531 
50 799 216.1 61.4 (A? 7,067 . 533 
60 557 231.5 72. 4 8.9 8, 798 02D 
70 421 241.8 81.3 10. 4 10, 227 - 520 
80 340 250. 7 88. 6 11.8 11, 425 -514 
90 284 259. 2 94.8 13. 2 12, 457 - 507 
100 247 266.7 1060.0 14.4 13, 367 «501 
QUALITY TI. 
40 1, 924 140.8 30. 2 aR 2,115 0. 495 
50 1, 216 162.4 42.0 4.9 3, 673 . 534 
60 840 178.9 52.2 6.2 5, 059 - 539 
70 628 189. 2 61.0 7.4 6, 274 539 
80 500 200. 0 67.9 8.5 7,317 534 
90 424 209. 5 73.5 9.5 8, 217 528 
100 380 PAW ES / 78.4 10.2 8,960 522 
} a = 
QUALITY IIT. 
40 | 3,587 95.5 17.6 2.3 638 0. 380 
50 1,969 116.3 25.3 3.3 1, 410 -479 
60 1, 270 131.3 33.3 4.5 2, 403 550 
70 928 142.5 41.1 5.4 3, 344 571 
80 750 152. 2 47.2 6.2 4,161 579 
9 | 651 | 160.6 51.8 6.8 | 4,823 580 
100 | 597 | «167.3 55.4 7.3 5, 352 577 


| | 


1 From ‘‘Wachstum und Ertrag normaler Fichtenbestande,” by Adam Schwappach, Berlin, 1890, as 
translated by H. S. Graves (pp. 417 and 418, Forest Mensuration, New York, 1906), revised on the basis of 
3 instead of 5 quality classes. 

2 At 1.3 meters (4.27 feet) from the ground. 

2 Derbholz (top diameter of 2.76 inches outside the bark). 


A comparison ' of the values in Table 17 for red spruce with those 
of Table 18 for Norway spruce brings out the importance of good 
management in the development of stands. One of the first things 
to arrest the attention is the marked discrepancy between red spruce 
and Norway spruce in height and volume growth m Quality I. 
Even red spruce’s advantage in having only its best growing trees 
included is insufficient to overbalance the deficiency in height. One’s 
first impulse is to take this as confirming the widely accepted opinion 
that the growth qualities of red spruce are markedly inferior to those 
of Norway. Yet if that were so, the discrepancy would prevail 
throughout the three quality classes, which it does not do. It is 
considerably less marked in Quality IL and disappears almost alto- 
gether in Quality I1I. To explain this difference, one must take 
into consideration the intensity of management of Norway spruce in 
the different quality classes. Thus, in Quality III, where Norway — 
spruce was least intensively managed, thinnings began late, between 


1 In making the comparison it should be continually borne in mind (1) that the red spruce table is based 
on the measurement only of dominant and intermediate trees in 59 volunteer stands, whereas the other 
includes all green trees in 400 managed stands, four-fifths of which were artificially regenerated, and (2) that 
the utilization is not so close for red spruce as for Norway either in the top or at the stump. 
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the fortieth and forty-fifth year, and were light, about 2 trees in 7, or 
hardly more than the natural thinning which took place among the 
dominant and intermediate trees in the corresponding red spruce 
stands. The thinnings throughout, up to and including the one 
hundredth year, were in fact insufficient to make the number of trees 
the same in the Norway spruce stands as in the red spruce (dominant 
and intermediate trees) stands of corresponding age. Nevertheless, 
thinnings did accelerate the rate of growth somewhat, so that by the 
one hundredth year the whole Norway spruce stand, consisting of 
98 more trees, very closely approximated the development attained 
by the red spruce dominant and intermediate trees. In the Quality 
iI stands the effect of thinnings is more marked. Thinnings began 
in the thirty-fifth year, with an intensity of 3 trees in 7 removed 
(42 per cent), and continued comparatively heavy till the eightieth 
year, when they were 1 in 5 (20 per cent). The acceleration in 
this case is everywhere apparent. Shorter by 10 feet in the for- 
_ tieth year, the whole Norway spruce stand had by the sixtieth year 
attained the same development as the dominant and. intermediate 
red spruce stand of that age, and, while still lacking nearly 2 inches 
im average diameter, showed 9 cubic feet greater volume. By the 
eightieth year the total stems in the Norway spruce stand had 
been reduced to 3 less than the number of dominant and intermediate 
trees in the red spruce stand; had practically the same average 
diameter and 7 feet. greater height; and being fuller boled, as indi- 
cated by the larger form factor, showed a very much accelerated vol- 
ume growth. In Quality I, thinnings began in the twenty-fifth year 
on a scale slightly more than 3 in 7; and the entire stand with 586 
more trees, had by the fortieth year surpassed in average height the 
average dominant and intermediate development of the red spruce 
stand of corresponding age and quality. This, with the fuller bole 
development, gave the Norway stand a considerable advantage in 
volume development, whether or not it accounts for all of the 1,313 
cubic feet excess volume at that age. From that time on the red 
spruce stagnated and languished; but the Norway spruce, under the 
stimulas of frequent thinnings, increased steadily in every respect. 
The conclusion to be drawn from the comparison seems to be that 
lack of management rather than any inherent deficiency in growing 
qualities was the factor most largely responsible for the less ravorable 
showing of red spruce. 


METHODS OF CUTTING. 


The methods of cutting to secure the natural regeneration of spruce 
depend in a large measure upon whether the stand to be perpetuated 
is of the selection, or many-aged form, as represented by the virgin 


and the cull forests, or of the even-aged form, such as those coming. 


in after fire or windfall, or on abandoned pastures. 
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On account of the tolerance of spruce, it is well adapted to a selec- 
tion system of management by which only the older trees of the 
main stand are removed and the necessary conditions thus estab- 
lished for the development of a new young growth. When this sys- 
tem is strictly carried out, the forest should be cut over annually, and 
only the very oldest and largest trees and those of least promising 
erowth removed. In forests constituted as ours are at present, such 
a procedure would be impossible of accomplishment under any other 
than State ownership, which might put other considerations above 
revenue. 

Cutting to a diameter limit, now quite generally practiced by lum- 
bermen in the spruce regions, is a modification of the selection system 
by which a sufficient yield to make the individual cutting operations 
profitable is secured periodically. The amount cut each period and 
the interval between the successive cuttings vary, of course, with 
the diameter limit used. 

In order to obtain satisfactory results under this system, a careful 
scrutiny is required of those trees immediately above and below the 
set diameter limit that their relations to others and to the best inter- 
ests of the stand to be left may be ascertained. A fixed diameter 
limit is used in making computations to forecast the yield; but its 
application by ‘“‘rule of thumb” in actual practice may defeat the 
purpose of the system. In the woods the diameter limit is best used 
simply as a guide. In general the largest trees should be cut, since 
their rate of growth is below that which would make their retention 
a profitable investment. They are likewise occupying space which 
would be more profitably used by younger and more rapidly growing 
trees. Approaching the diameter limit there are trees both above 
and below the established limit which should be cut because they 
have a poor crown, are stunted, or otherwsie defective, so that their 
present worth would be lost if they were to be left until the next 
cutting. On the other hand, trees above the prescribed diameter 
limit which give every indication of being in thrifty growing condition 
should unquestionably be left, since their worth will be materially 
enhanced by allowing them to remain until the next cut is made. 
Trees of inferior species, as balsam and most of the hardwoods, which 
are interfering with the best development of the spruce, should be 
cut whenever possible. 

Thus while the prescribed diameter limit may be 14 inches, the 
approximate minimum size to be taken may be 5 inches. Other 
things being equal, this minimum size will depend upon the market 
and the object of management. To insure a utilization of at least 
two-thirds of the stem height, no sound spruce tree should be cut for 
lumber smaller than 10 inches in diameter at breastheight and for 


3 
: 


pulp none smaller than 5 inches in diameter. These minima should j 
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be raised to 11 inches and 6 inches, respectively, for stands averaging 
from 65 to 85 feet tall and to 12 inches and 6 inches for all stands 
over 85 feet tall. 

It is not feasible to remove the defective trees which will not yield 
sufficient material to offset at least the cost of logging, except in 
localities where there is a high fire hazard or as a precaution against 
the spread of insects or fungous disease. In this case the logging 
operation may well be taken advantage of to improve fire protection 
or sanitary conditions by felling and swamping badly defective and 
dead trees and snags. 

Care must be taken to provide suitable conditions for reproducing 
‘the stand. Where there is balsam in mixture with spruce, the com- 
petition of this species in the young growth should be reduced as far 
as possible by cutting the balsam in the main stand to as low a 
diameter limit as market conditions will warrant, thus reducing the 
number of balsam left for seed dispersal. Where the species in mix- 
ture are hardwoods, the same procedure will apply, although the 
elimination of the hardwoods need not be carried out so severely, 
for the reason that their effective range of seed dispersal is not so 
ereat as that of balsam. A more severe cutting of the hardwoods 
may be necessary, however, where there is much advanced young 
growth of spruce which requires to be released from shade to encour- 
age its more rapid development. 

Spruce should be favored in preference to balsam and most hard- 
woods for the reason that it is much less aggressive than the others 
and usually of the more value and desirability. Where conditions 
are favorable to the development of white pine and ash and possibly 
also basswood and red oak, they should be given the preference over 
spruce, since they are more valuable and less able to maintain them- 
selves in competition with spruce, being less tolerant of shade. 

It is impracticable to trust to the loggers to put the diameter limit 
into effect, and it is here that many spruce operators fail to secure 
the full benefit of the system’s application. The trees to be cut should 
be marked beforehand by a man competent to judge the needs and 
requirements of the stand from the standpoint of both the forester 
and the operator. The fact that some companies which have tried 
marking claim that the results attained under the one method and 
the other do not materially differ does not prove the impracticability 
of the method, but reflects rather on the lack of trained judgment of 
the men whom they have employed to do the marking. 


GROUPWISE CUTTINGS. 


For general use the selection system in one of its forms is undoubt- 
edly best suited to the management of spruce, particularly in lumber 
operations. Nevertheless it has its imitations. The degree of sever- 
ity with which a stand must be cut to make the operation profitable 
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is important particularly inthe swamp type and on the more exposed 
slope situations where there is great danger from windfall. In such 
situations the cuttings should be very light, so that the main crown 
cover will continue relatively undisturbed, or everything merchant- 
able on a given area should be cut. This will virtually amount to 
clean cutting, for the nonmerchantable material left will almost iney- 
itably be blown down. 

If the individual cutting area is small, of only one or two acres 
in extent, and flanked by spruce growth either on its windward side 
or above it, reseeding from trees standing on the adjacent area will 
take place followmg clean cutting. Thus on a level, low-lying area 
groups or patches of timber may be selected for removal and the sur- 
rounding uncut areas depended upon to furnish the necessary seed 
for reproduction. In such a case subsequent cuttings would extend 
these areas gradually until the whole was cut over. 

The exact shape and size of the area to be clean cut, as well as the 
selection of the initial pomts of attack i starting a groupwise cut- 
ting, depend on circumstances and the object it is desired to attain. 
Areas of advanced young growth may occur under the old woods, 
which it is desirable to free from shading and allow to develop; advan- 
tage may be taken of groups of overmature or insect-infested trees 
which are stagnating or declning in growth and value and which 
require cutting to prevent loss; or it might be desired to replace 
groups of mixed spruce and hardwoods by pure spruce, or to make an 
opening to encourage pine, ash, or other more valuable species. 

The chief objection to this method im practice is that to imsure 
effective reproduction the cleared areas should not exceed from 100 
to 150 feet across. These should be separated by a sufficient amount 
of uncut timber to protect the cleared area from too severe exposure 
to sun, and wind and insure the remaining stand against being blown 
down. For economical lumbering, however, a larger area would 


often be desirable. 
CLEAN CUTTING IN STRIPS. 


A better method for extensive cuttmgs in areas susceptible to 
windthrow is to distribute the clean cutting in strips in such a man- 
ner that the long way of the strip is at right angles, or nearly so, to 
‘the direction of the prevailing storm winds. Reproduction of the 
cleared areas would be secured by seeds disseminated from the trees 
in the intervening uncut timber belts which should be left intact at 
the time of the first cutting, or only very lightly thinned by removing 
small, or overtopped and dying trees without disturbing the main 
crown cover. Whether it is advisable to thin or not depends upon 
the degree of liability to windthrow, and upon the depth of the strips 
in the direction of the prevailing high winds. Instead of the sides 
of the strips in the cutting area being straight, they may be undu- 
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Fia. 1.—SEED TREES NEAR AT HAND. STOCKING DENSE IN CONSEQUENCE. 


Fic. 2.—SEED TREES AT A DISTANCE. STOCKING IN GROUPS AND AS WIDELY SCATTERED 
INDIVIDUALS. 


GENESIS OF OLD FIELD SPRUCE STANDS. 
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GoopD SPRUCE AND BALSAM REPRODUCTION 


UNDER THE LIGHT COVER OF SEEDLING HARDWOODS. 


Fic. 2.—THE SAME CUTTING (NOT THE SAME ALLEY) AFTER 
7 YEARS. 


88 PER CENT 


(13 CorRDS) OF THE VOLUME REMOVED. 


Fia. 1.—CLEAN CuT Strips 10 FEET WIDE AND RESERVE 
Strips 20 FEET WIDE (APPROXIMATELY) 


IN OLD FIELD SPRUCE. 


STRIP CUTTING 
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lating or saw-toothed, like a series of wedges or triangles with their 
bases on line. This modification is rather commonly used with 
spruce abroad. 

Effectiveness in securing reproduction with the strip plan will 
depend upon the width of the strips employed. Satisfactory restock- 
ing of the cleared area can not be expected on a strip wider than twice 
the height of the trees in the adjacent stand; not because of inabil- 
ity to secure effective seed dispersal at even a great distance, but 
because of the effect upon seed germination and growth. ‘Too exten- 
sive cutting will expose the soil to drying influences detrimental to 
spruce reproduction and at the same time create a condition favor- 
able to the development of hardwoods, raspberry, and other peren- 
nials and weed growth in general. 

Satisfactory reproduction in the reserve strips must be secured as 
advanced growth from seed trees standing on those strips, or the 
cutting of the reserve strips must be delayed until the trees on the 
strips first cleared are large enough to supply the necessary seed. A 
spruce stand in which windfirmness has been especially developed by 
periodic thinning from early youth may be reproduced by the shelter- 
wood compartment method. Such stands, however, can hardly be 
said to exist in this country at the present time. Thinnings of the 
severity of shelter-wood cuttings are largely out of the question in the 
previously unthinned stands of either virgin or old-field spruce which 
it is desirable to manage under a system of clean cutting in strips. 

To insure an early second cut and prompt and effective regenera- 
tion, alternate cut and uncut strips not over 75 feet in width should 
be employed. By the adoption of strips of this width reproduction 
would not only be reasonably assured to the cleared strips but the 
side light and extra ventilation which would be let into the uncleared 
strips would be sufficient to create a condition favorable to satisfac- 
tory reproduction there also. For the dense, even-aged, old-field 
stands, strips as narrow as 10 feet with 20-foot reserve strips inter- 
vening have been recommended.’ The final clearing of the area under 
such a system should be possible-within 10 or 15 years after the first 
eut. This will enable the harvesting of a third or more of the crop at 
one cut. The cost will of course be somewhat more than if wider 
strips or clean cutting in a solid block were practiced. The yield and 
operating cost per unit of area should not, however, be materially 
different from that which would result from cutting to a diameter 
limit of 14 inches, except that slightly greater expense would attach 
to the handling and marketing of the smaller material which the clean 
euttings would yield. 


1“ Forestry in New England,” by R. C. Hawley and A. F. Hawes, p. 226. 
84949°—Bull. 544174 
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The use of strips up to 300 feet wide or more will reduce the cost of 
logging but will delay the cutting of the second half of the area until 
the trees on the first half become large enough to furnish the neces- 


Twenty or twenty-five years after clear cutting and burning. 


Prevailing wind direction 


300 4 sirip 


Old stand. 


Old stand. 


Over wood of aspen, fire cherry, birch, and the like which came in following burning. Under- 


Spruce stocking complete in first and second seed years near the old stand. Third and fourth seed years required to establish 


satisfactory reproduction near the center of the strip. 


Fig. 2a.—Method of wide strip cuttings in spruce. 


wood of spruce. 


sary seed for reproducing it when 
cutover. This will delay the sec- 
ond cut to between the sixtieth 
and seventy-fifth year and require 
arotation for each half of the stand 
of from 120 to 150 years. Com- 
plete stocking on the entire 300 
feet of clearmg could hardly be 
expected short of 3 and possibly 4 
seed years; that is, from 15 to 18 
years. Birch, aspen, beech, maple, 
and other hardwoods, and rasp- 
berries and other perennials will 
almostsurely comein during thein- 
terval, whether the area is burned 
over or not. Spruce, however, will 
seed in beneath; and while that 
which comes in first where the 
cover crop is dense willbe retarded, 
that which comes in later will find 
conditions favorable toits rapid de- 
velopment, so that when the over- 
wood thins out, this understory of 
spruce will develop largely as an 
even-aged stand. (See Fig. 2a.) 

The most desirable of the hard- 
woods as a nurse tree for spruce is 
the aspen. It also reaches such a 
size as to enable it to be cut at a 
profit within from 40 to 50 years. 
Its coming in, therefore, should be 
encouraged. ‘This can best be ac- 
complished by the broadcast burn- 
ing of the brush in the early spring 
following the logging. The seed 
of fire cherry is dispersed in the 
summer and of beech, paper birch, 
and sugar maple in the fall and 
winter, while that of the aspen is 


dispersed in the early spring. Broadcast burning in the spring, there- 
fore, as soon as the brush is dried out enough to burn readily, will 
destroy the duff and the seeds and spring germinates of the other 
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species and will expose mineral soil most opportunely for aspen 
seed to catch and take possession of the ground, followed by 


spruce in subsequent seed years. 

This method should prove satisfac- 
tory, particularly where spruce saw 
timber is desired. The early growth 
of the main stand under the cover 
crop would prevent the development 
of stout branches to such a height at 
least that one or more clear logs to 
each bole could be produced. The 
cover crop would reach merchantable 
size by about the fortieth or fiftieth 
year and could be harvested. (See 
Fig. 2b.) The main crop could be 
thinned at the same time to secure 
satisfactory distribution of the trees 
to be left. With the removal of the 
cover crop all spruce would be stimu- 
lated and rapid development follow. 
At the time of clean cutting the 
second area, in from the sixtieth to 
seventieth year, it would be profit- 
able to thin the stand again on the 
first area. (Fig. 2c.) The final thin- 
ning of the first area would take 
place between the one hundredth 
and one hundred and twentieth year, 
when the removal of the cover crop 
and first thinning of the second area 
was made, thus at least three thin- 
nings of the spruce would be pos- 
sible with little or no additional 
expense. The cost of bringmg the 
cut of spruce to maturity would be 
somewhat more under this length- 
ened rotation than under a shorter 
rotation, but this would be offset 
to a considerable extent by the in- 
termediate revenues from the har- 
vesting of the cover crop and the 
thinnings and by the better quality 
of timber yielded. The method 
could obviously only be employed 


Same stand, as shown in Fig. 2a, after forty or fifty years. 


Old stand. 


Old stand. 


Fia. 2b.—Cover crop of aspen, fire cherry, etc., harvested, and spruce young growth thinned. 


where there was an available market for the products yielded by 
the cover crop, namely, aspen pulp and excelsior stock, and maple 
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and birch firewood, spools, novelties, and the like. A permanent 
market for spruce of the quality produced would also be necessary. 


IMPROVEMENT CUTTINGS. 


With forests of the selection or many- 
aged form, thinnings, strictly speaking, 
merge to such an extent with the opera- 
tions of harvesting the mature crops as 
to lose their identity. Thinnings and 
like operations, therefore, are applied 
to such forests only as are even-aged 
throughout or are made up of even- 
aged groups. 

Improvement cuttings are divided 
successively into the following classes: 
cleanings, liberation cuttings, and thin- 
nings. Pruning is also an improvement 
operation, but in this country, and par- 
ticularly in the case of spruce, will be 
scantily employed. Pruning involves a 
direct investment of money from which 
only an indirect benefit is derrved. With 
a short rotation, pruning makes possible 
the securing of a larger percentage of 
clear logs capable of yieldmg upper 
grades of lumber. Aside from so-called 
‘fiddle butts’’ for piano board and violin 
stock and clear logs for siding material, 
the difference in price at the present time 
between the various grades of spruce will 
not justify an investment for pruning. 

Cleanings.—Cleanings are particu- 
larly adapted to bring about favorable 
results in the mixed spruce and hard- 
wood growths which come in after clean 
cutting and burning. Such worthless 
material as fire cherry and the slow- 
growing beech and sugar maple may be 
removed from young stands, and the 
birch and popple thinned. The most 
advantageous time is about the fifth 
year after the spruce has come in under 
the hardwood cover, since at that age 
spruce has fully established its roots in the mineral soil and is ready to 
grow rapidly in height. Cleanings may also be resorted to in old-field 


Alternate strips clean cut and burned. 
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Stand of seed bearing age by which means the alternate clean cut strips will be reproduced. 


Same stand, as shown in Fig. 2a, after sixty or seventy years. 


d thinning at time of clean cutting alternate strips. 


Alternate strips clean cut and burned 
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Fig. 2c 
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spruce stands to eliminate spruce or balsam advance growth and to 
reduce the percentage of balsam in the stand. Cuttings of this sort 
are indirectly remunerative, in the sense that they operate to shorten 
the rotation and thus bring the final yield nearer at hand; but care 
must be taken to remove only what is necessary to accomplish the 
purpose of the operation, otherwise the cost will be too great. 

Liberation cuttings——in the mixed selection stands, it often hap- 
pens that a large spreading maple or other hardwood is retarding 
the development of a group of young spruce. The removal of 
such a tree for that reason would be a liberation cutting. It 
will generally happen, though, that immediate financial considera- 
tions as to whether or not the tree is worth cutting will govern, 
and that such a cutting will be made a part of the regular logging 
operation. Similarly the removal of this class of tree from second 
growth stands will form a part of the operation of thinning. Because 
such trees are larger than the others in the stand, their removal! 
may constitute a determining factor in making a thinning profitable. 
A liberation cutting will not often be made alone, although in cer- 
tain instances it will justify itself by making possible a large final 
yield. 

Thinnings.—Thinnings are particulariy desirable in the dense, 
even-aged stands resulting from natural seeding. Such stands not 
infrequently have upwards of 4,000 trees per acre, with an average 
growing space of about 10 square feet per tree at 30 years of age. 
As compared to this, a planted stand spaced 6 by 6 feet apart would 
have but 1,210 trees per acre, with a growing space per tree of 26 
square feet. Hven where the aggregate number of trees in the natural 
stand is less than that indicated, the tendency of spruce to germi- 
nate in clumps about the more favorable seed bed spots gives rise to 
a crowding which is every bit as undesirable as though the area were 
uniformly congested. 

On account of the extreme tenacity with which spruce hangs on 
when once it has its roots established in the soil, it is not able to free 
itself m the struggle for supremacy with anything like the facility 
of the jess tolerant species. As a result, a long period of stagnation, 
m which both the height and diameter growth suffer, follows the 
closing of the crown cover: These stands, if allowed to continue in 
their overcrowded condition until they are from 50 to 60 years of 
age, will often contain as many dominant and intermediate trees 
to the acre as the planted stand would have to start with, and will 
be composed of small-topped, spindling trees, averaging not more 
than 6 or 7 inches in diameter; and not more than one-half of the 
total volume will be merchantable. Under such conditions, also, the 
stand can not be thinned profitably. The cost of getting out the 
amount of product to be secured from a first thinning in such a stand 
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would be prohibitive. The remaining trees would be particularly 
liable to windthrow, and the thinning would produce doubtful results 
in securing an accelerated growth. With the attainment of their 
principal height growth, the trees composing a crowded stand have 
adjusted themselves through the abnormal reduction of their crown 
surface to the restricted growing space, and the possibilities of stimu- 
lating the growth in such a stand are not promising, unless the stand 
is to ‘be left intact for upwards of 30 years afterward. 

The principle to be followed in making thinnings depends upon the 
object of management and the age when thinnings can be begun. If 
it be desired to secure the maximum volume production, which cul- 
minates, according to Table 14, between the thirty-fifth and seventieth 
year, depending on the unit of volume and the site quality, thinnings 
should be undertaken by the twenty-fifth or thirtieth year on the 
best sites and be confined to the dominant and imtermediate trees. 
If, however, quality production is the object desired, the first thin- 
nings may be delayed until the thirty-fifth or fortieth year, being 
confined to the lower and intermediate crown classes until the 
sixtieth or seventieth year. This would especially encourage the 
development of form and quality. Thereafter the stand would be 
thinned more heavily. The last third of the rotation, or approxi- 
mately after the cightieth or the one hundredth year, the cuttimgs 
would be in the form of accretion cuttings which would isolate a 
certain number of the best trees for the encouragement of a more 
rapid growth in volume. 

The object of thinnings for volume production should be to free 
the tallest trees and gradually reduce their numbers without removing 
the weakest, except where they have a dry top, since they assist 
natural pruning, cover and protect the soil, and add to the strength 
of a close canopy. In the early period, when the trees are only to a 
limited extent merchantable, the fewest number of trees possible 
should be removed. The greatest advantage, accordingly, can be 
derived by cutting only those trees which occupy a position in the 
upper crown level, but which are interfering with the development of 
the stronger growing individuals. This will relieve the mtense strug- 
gle taking place among those trees which are finally to form the 
mature stand and will allow them to develop with a minimum of 
hindrance from their neighbors. To be most effective, thinnings 
should be frequent and light in early life and heavier and less fre- 
quent in later years. Such early thinnings, however, involve a con- 
siderable expense, while the later ones may render the stand liable 
to windthrow, so that it will often be necessary to compromise. 

In judging of the need for thinning, the relation of the crown length 
to the total height of those trees which are to form the final cut should 
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be noted. This would ordinarily vary between 25 and 40 per cent, 
depending on whether maximum solid volume or board-foot volume 
was the desired object. However, the response to thinnings made 
in spruce having an average crown length of less than 25 per cent of 
the height will be exceedingly slow and for that reason of doubtful 
financial value. 

In Table 19 an attempt is made to predict the yield due to accel- 
erated growth to be obtained by thinnings made at different ages and 
with varying degrees of severity. 


TasLE 19.— Yield from stands of average quality thinned for maximum volume production 
of pulpwood (unpeeled cords) based on the cutting of dominani (including codominant) 
and intermediate irees only. Minimum merchantable size, 6 inches in diameter at 
breastheight and 5 inches in diameter outside bark in the top. 


4 THINNINGS. 


Number of dominant and in- 


termediate trees. 
Mer- 
——  ————] Propor- Equiva- 
Ageof | 1 fully tion of [Chantable! Final | Total {lent mean 
stand. | stocked | Tobe | To bere- ees e oftrees | Yield. | yield. annul 
un- left after | moved in * | removed. er : 
thinned | thinning.) thinning. 
stands. 
1 2 3 4 5 6 7 8 9 
Years Cords. Cords. Cords Cords 
2 1,316 1,097 220 fae ee 2m ela eed Rie aaa! Pee oe Gis 
30 1,062 O14 183 z BQ i ecitenees Jah ro ete Soe) eee 
35 890 762 152 3 Eine (eee a || ee nein at oe | [ee en 
40 774 635 127 2 71g Hn 1S Sie ee al epee ree are nes Se 
682 17.9 
45 GOSH Pee ee eel ok eae RRS 2 ioe Soe ee 44 61.9 1.37 
3 THINNINGS. 
| 25 1,316 1,054 263 OSE So core ene paeer el oe See ae Bee pacers 
35 890 791 263 4 CSD eB SSR Bae EAR pt sesh 1 ae oa ae! 
45 697 593, 198 2 SEG, He eee een mete 8 [eA Aeneas te 
724 16.6 
50 Ci i pepe ea os ard Nl || a 44 60.6 1.21 
2 THINNINGS. 
| | 
30 1,062 849 212 peo a eae ae ee eee sen Seeeer Shel me ene © 
40 . 474 637 212 4 TU, OL | ees ose file tetera rhs ae 
424 10.2 
50 (FAG sais etl (ea allan Be ee’ 2 eo sees 44 | 54.2 | 1.10 


The basic values are taken from Table 17, giving the yields for 
unthinned, fully stocked, old-field spruce stands of second quality. 
The volume production of these stands reaches a maximum in the 
fifty-fifth year and is 44 cords per acre. The assumption is made in 
Table 19 that 4 thinnings will reduce the natural rotation 10 years; 
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while for 3 and 2 thinnings 5 years will be saved in bringing the stand 
to maturity. The severity of each thinning is gauged so as to leave 
approximately the same number of trees as are shown by the yield 
table to be capable of growing under naturally competitive condi- 
tions at the end of the thinning period. ‘Thus, in the case of the 
series of 4 thinnings, the first one in the twenty-fifth year reduces 
the number of trees from 1,316 to 1,097, which not quite approxi- 
mates the condition which would be brought about by natural 
selection in the succeeding 5 years. The normal number of trees 
in unthinned stands (column 2) does not enter into the calculation 
but is included only for comparison to show how far each thinning 
will eliminate competition during the period. 

All first thinnings, according to the table, show no remunerative 
yield. They are accordingly made light to reduce as far as possible 
the expense involved in making them. The maintaining of a reason- 
able density is also a consideration in making the thinning light, 
thus improving the form and quality of the final yield. With four 
thinnings the number of trees is not sufficiently reduced in any one 
thinning so that a normal density will not be restored within 5 years. 
With the 3 thinnings the number of trees is reduced in each case 
somewhat below the normal for a fully stocked stand of 5 years 
greater age. For example, the first thinning at 25 years reduces the 
number of trees to 1,054, while the normal density for 30-year stands 
is 1,062. With 2 thinnings the cut is heavier still. In each case, 
however, there is little doubt that the crown cover will be reestablishd 
in 5 years. 

In calculating the volume of each thinning the volume of the aver- 
age tree in the yield table has been taken as a basis. The assump- 
tion introduces a plus error, since doubtless the average of the trees 
taken out will not in all cases be the same as the average of the 
stand. Yet any error which may arise from this cause will be more 
than offset by the fact that m addition to the indicated number of 
dominant and intermediate trees taken an unestimated amount will 
be yielded by suppressed and dead trees taken at the same time. The 
final yield also is based exclusively on that to be obtained from dom- 
inant and intermediate trees, while the suppressed and dead will 
doubtless yield several cords additional at the final cutting. 

In the absence of graded mill tallies for second-growth spruce it 
is not possible to determine the rotation yielding the highest quality 
increment. Table 20, however, attempts to show the intermediate 
and final yield in board feet for spruce which has started under a 
light hardwood cover and been managed under the wide strip system 
outlined elsewhere. 
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TasLEe 20.— Yield from stands thinned for production of superior quality lumber, based 


on the cutting of dominant (including codominant) and intermediate trees only. 


Min- 


mum merchantable size, 7 inches in diameter at breastheight and 6 inches in diameter 
outside bark in the top. 


Number of dominant and interme- 
diate trees only. 

Propor- | Merchant- Equivalent 
eae ws ee Hort of jabievolume] Tinal Total mean 
stand. n fully rees of trees yield. yield. annual 

stocked To he left To be -_ |removed.} removed. growth. 

nmiitaariod after removedin 
stands. thinning. | thinning. 
1 2 3 4 5 6 esas 8 9 

Years Bd. ft. Bd. ft. Bd. ft Bd. jt. 
ae ae ee 1,316 1, 053 263 PA Sse peace sees| Sater as eoale cee seect leans: 4 arp e 
vay ease see SOO | Re rere ee 2 Rema cise iors Wet eat tebe em ese | oe looetos Iie SMe AE Sa Be 
Boer ce sees 697 514 129 | 4 Ca CSIC Ot I ape sata BA IR Ne ee 
Dane See GOD ge Setet Bo Ss alise si saace se ere eee SNE ee Se SSS Cee MORTAR el Re Sea arrester eee Se 
Bole Me os eo Ca Hs aca r= eel fie ieee | Siecsiteicd ea Sein (idl ee cde 8 ol RSL 
Dae aaa e SOG ere ea te errata | mee ever ogee Pa pec, ns a an eee oe | Danke Te tee de ee ee ee 
Wipeeioe sos 492 347 116 x ETON |e cre cree eae ne Re ea 
USO es aie See Ua) |e ore hs ail ero a peaen ae Bee 2 |e neta car | Da a te, Oe ee Ne apie 

11, 645 

17 Ves eae AGS ecascscaacalscncceeee ses [Se etopaeraeye lene etiarercre 25, 630 37, 275 310 


It has been assumed in this case that at the time of removal of 
the hardwood cover, in the forty-fifth year, the understory of spruce 
would have a development parallel to that of a 25-year-old stand 
which had started in the open. Thus by adding 20 years to the dif- 
ferent ages given in Table 17 the equivalent yields in unthinned 
stands up to 120 years are obtained. 

The first thinning is indicated to be light and unremunerative, but 
there would doubtless be yielded at least a small amount of cord- 
wood, which would be the class of material chiefly yielded by the cover 
crop of aspen, birch, and other hardwoods taken out at this cutting. 
The cut, as a whole, should therefore’show a fair profit. This thin- 
ning would reduce the number of dominant and intermediate trees 
in the stand to a spacing of about 7 by 6 feet or that found in a nor- 
mal unthinned stand seven years older, although the cover would 
doubtless entirely close m five years or less. The relief from compe- 
tition should, however, occasion such an acceleration in growth for 
the 20-year period before the next thinning as to gain 5 years over 
the unthinned stand. Thus the stand at the next thmning, in the 
sixty-fifth year, would have the development shown for 70-year-old 
unthinned stands, or 643 dominant and intermediate trees to the acre. 

From the sixty-fifth year on to the one hundred and fifth year, 
when the third thinning would take place, the reduction in numbers 
in natural unthinned stands is very gradual, 54 between the seven- 
tieth and seventy-fifth years, and but 11 between the one hundredth 
and one hundred and fifth years. The removal of one tree in 
five from the dominant and intermediate crown classes at the sixty- 
fifth year would consequently reduce the number of stems to that 
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found im a fully stocked unthinned stand of 95 years. The means 
this thinning would afford for the enlargement of the crowns of the 
remaining trees should make it possible to sustam such a rate of 
erowth for the 40-year period as would bring the thinned stand at 
105 years to a state of development equal to the unthinned 120- 
year-old stand. This would require a periocic mean annual growth 
of but 350 board feet, which should be easily possible, since in the 
unthinned stands it is 500 board feet per annum for the period from 
the seventieth to the seventy-fifth years and 360 board feet per 
annum from the eightieth to the eighty-fifth, with a mean for the 
40-year period of 280 board feet per annum. 

The final thinning in the one hundred and fifth year would be 
increased in severity so as to take out 1 tree in every 4 in the dominant 
and intermediate crown classes, thus reducing the number of trees 
remaining in these classes to 347 and the volume to 23,300 board feet 
in round numbers. 

The calculation of the final yield is based on the assumption that 
the volume will increase at the same rate per cent in the final 15 years 
in the thinned stand as in the unthinned stand. ‘This gives an average 
volume for the 347 trees of 74 board feet per tree, corresponding to a 
tree 9.5 inches in diameter at breast height and 65 feet tall, which is 
well within the limits of reason. 

These calculations, like those on cord yields, leave out of consid- 
eration entirely all intermediate or final yields to be obtained in 
cutting suppressed and dead trees, which in the aggregate would be 
considerable, thus making the predictions amply conservative. 

Doubtless on the rotations after the first one, except in exposed 
situations, the final removal of the crop might be begun in the ninety- 
fifth or one hundredth year under the shelter-wood compartment 
method. This would render the two cutting areas suggested in the 
original plan independent of one another, so far as seeding was con- 
cerned; would eliminate the intermediate hardwood crop, and would 
enable the rotation to be materially shortened. In such a case it 
might be well to introduce another thinning about the eighty-fifth 
year. <A too-intensive system of management, however, for the pro- 
duction of first quality spruce sawlogs will not be justified. Com- 
petition with white pine similarly managed would make such an 
undertaking entirely unprofitable. 

Vigure 3, based on actual measurements in old-field spruce stands, 
shows graphically the influence the number of trees per acre has upon 
the development of the stand, particularly on average breast-high 
diameter and yield. 

Overcrowding in plot 39 is particularly apparent from the under- 
development of breast-high diameter and of board-foot contents. 
In contrast with this is the understocking in plot 17, which gave rise 
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to an abnormal diameter development as well as of board-foot con- 
tents and a less-than-normal cubic and cord volume. The full effect 
of understocking is obviously obscured by the better-than-average 
height development of plot 17, which amounts to more than 10 feet 
above the average and would occasion a 12 to 15 per cent increase in 
volume. The subnormal total basal area is the best index in this 
case. As is to be expected, the overstocked stand, plot 39, shows a 
maximum cubic and cord volume. Plot 46 illustrates very weil the 
benefits to be derived from a slight understocking such as would be 


A =Flot 39 aged G3 yrs. 
B=F/lot 46 aged &7 yrs. 
C=Flot/7 aged 6S yrs.. 


Fic. 3.—Effect of stocking on yield. Comparison of actual measurements of sample plots approximately 
65 years old, with the average measurements for a 65-year-old stand in the second growth yield table. 
All stands Quality If and measurements are for dominant (including codominant) and intermediate 
trees only. Plottings are in percentages of the normal or average values of the different factors. 

brought about by thinning. Thus, with a normal height growth a 

13 per cent understocking was accompanied in this instance by 

increases of 8 per cent in basal area, 12 per cent in average diameter, 

16 per cent in board-foot yield. 9 per cent in cubic-foot yield, an 11 

per cent in cordwood yield. 


BRUSH DISPOSAL. 


One of the most potent sources of danger to spruce forests in general 
is the brush and, more particularly, the lops or branch wood which 
litter the ground after logging. The culled logs and tops from which 
the branches have been lopped do not of themselves constitute a 
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material source of danger, provided they are brought into contact 
with the soil and rapid decay thus induced. Spruce branch wood, 
however, on account of its resinous character, is particularly inflam- 
mable and resistant to decay, and constitutes a fire menace for several 
years when unlopped and from 7 to 10 years when lopped. In the 
forests where spruce is the predominating species, and particularly 
in the dense second-growth woods, an enormous quantity of such 
branch wood litters the cutting area. The ground is likewise covered 
with a dense mantle several inches in depth of dry needle litter, small 
twigs, and old cones. All this débris when exposed to the action of 
sun and wind with the cutting off of the forest cover, is quickly dried 
out and remains for several years an acute fire menace. The excessive 
branch-wood litter following lumbering and the deep humus cover 
also greatly hinder spruce reproduction on such areas and help the 
hardwoods and balsam to take possession through their superior 
ability to force their way to mineral soil. 

When the selection system or other partial clearance cuttings are 
used or where the present age of spruce to be cut is not great, and where 
also a subsequent cut is dependent upon the maturing of seedlings or 
small trees which are on the ground at the time of the first cutting, 
the disposal of brush by burning is ordinarily not necessary unless the 
cut-over area is one on which there is special danger of fire getting a 
start. 

BRANCH WOOD LOPPED AND SCATTERED OR PILED. 

If only a little brush is produced and the fire danger is remote, the 
brush from the carefully lopped tops may be scattered about over 
the ground, thus hastening its decay. This method has given satis- 
faction where it has been tried in certain instances in the Adirondacks 
at a cost of from 15 to 25 cents per thousand board feet of lumber cut. 
Where more brush is produced than can safely be disposed of m this 
manner, the tops should be lopped and the branch wood piled. This 
will bring the larger material in contact with the soil, thus hastening 
decay. The segregation of the more inflammable material in compact 
bodies will reduce to a minimum the hindrance to reproduction and 
will effect a corresponding reduction in the danger from a rapid spread 
of fire should one start on the area. 


BRUSH BURNED AS LOGGING PROCEEDS. 


Excessive amounts of brush such as arise from the clean cutting 
of dense pure stands should be disposed of by burning. The most 
economical means of doing this is to burn the brush as the logging 
progresses. This is feasible when the ground is covered with snow or 
is damp so as to prevent the spread of fire. Small fires are started 
near each cutting crew and as the trees are felled the branches are 
lopped by the swampers and thrown into the fire. As the cutting 
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Fia. 1.—AN UNLOPPED Top. A FIRE MENACE FOR FULLY 15 YEARS AFTER CUTTING. 


i 
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Fia. 2.—A Property LopreD Top. ALL PARTS BROUGHT IN CONTACT WITH THE 
GROUND, PROMOTING DECAY AND THUS MATERIALLY REDUCING THE FIRE HAZARD 
AFTER FROM 5 TO 7 YEARS. 


BRUSH DISPOSAL: TOP-LOPPING. 
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Fia. 2.—BRUSH WHICH WAS CUT AND PILED IN SEPTEMBER BEING BURNED 
IN LATE DECEMBER (18 INCHES OF SNOW). 


BRUSH DISPOSAL: PILED AND BURNING. 
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recedes from a fire and it is impracticable to build a new one, the 
whole top is hauled near the fire by the skidders before being trimmed. 

The advantages of the method are several. The brush is disposed 
of as the logging proceeds, leaving the ground free for skidding. 
The cost of handling is kept to a minimum, since the branch wood 
is handied only once and does not require to be cut up small to insure 
bemg completely destroyed, since the tops burn readily, even on the 
snow or in stormy weather. The time of logging in these forests, 
particularly those in the Northeastern States and New York, is 
generally the late fall or early winter when the weather is damp or 
snowy and the danger of the fire spreading is almost negligible. By 
this method a minimum of area is burned over, which is of importance 
when there is young growth on the ground to be protected. <A too 
dense young growth or deep snow at the time of logging makes the 
method impracticable, but for the stands here considered these 
hindrances will seldom be encountered. 


BRUSH PILED FOR BURNING. 


Where cutting is done in the spring for peeled pulp wood the weather 
conditions may not be favorable for the use of the method just de- 
scribed. In this case the brush would be piled when convenient and 
the burning deferred until subsequent damp weather or until after 
the first snow of the succeeding winter. Brush piling is best carried 
on in conjunction with the cutting and skidding operations. It is 
then only necessary to employ one extra man, who cuts up and piles 
the branches as they are lopped from the stem. The brush is thus 
immediately cleared away for the skidding of the logs and a second 
handling avoided, which means a considerable saving in expense. 
Then, too, ‘more efficient work results when the men who trim the 
pile work together. Supervision is also less costly when the brush 
pilmg is made a part. of the logging work than when it is a separate 
operation. 

Brush piles should be small, not over 10 feet across and 6 feet high, 
with the branch wood closely and systematically piled, tops of the 
branches toward the center of the pile, the small branches in the 
bottom to facilitate the firing of the pile, and the piles well isolated 
from one another, from down logs, lopped tops, reproduction, and the 
trees to be left standing. Trimmed sticks leaned against the pile 
hold it in shape, keep it from being blown over, and render it more | 
compact for burning. Compactness in piling is the key to efficient, 
clean burning. Loosely piled brush requires repiling or constant 
tending when burning to insure complete destruction, both of which 
operations are expensive. The cost of piling and burning varies 
with the condition of the stand between 10 and 50 cents per thou- 
sand board feet of timber cut. 
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Careful organization of the work should precede the burning of 
piled brush. A sufficient force of men equipped with fire-fighting 
implements should be on hand to prevent the fire from getting beyond 
control. Burning should not be attempted in windy or dry weather. 
The most opportune time is after the first snow of winter. The 
piles are then dry enough to burn well, except for the outer snow- 
covered layer. There is little or no danger of the fire running along 
the ground, and the snow cover on the branches of the standing 
trees affords the necessary protection against their injury by the 
rising flames. In the absence of snow, damp weather is essential 
to insure the ground being wet enough to prevent the spread of the 
fire. With a slight wind, other things being favorable, burning may 
take place, provided the fires are started on the leeward side of the 
area and progress against the wind. Likewise when brush is being 
burned on a slope the uppermost piles should be started first, the 
progress being from the upper to the lower level of the slopes. <A 
. further precaution is necessary where the piles are close, namely, 
that only every other or every third pile be fired at first and these 
allowed to burn down before the remaining ones are started. If all 
the piles are fired together, a strong uninterrupted upward current: 
of heated air will inevitably cause injury to the remaining standing 
trees even if they have short crowns, well up from the ground. The 
alternate unburned piles act as a check by interposing cool air spaces, 
thus isolating separate fires. 


BROADCAST BURNING. 


Broadcast burning has been previously mentioned in connection 
with the clean cutting in strips of even-aged spruce stands. Here 
the object is not only to get rid of the large amount of brush which 
cuttings of this sort yield, but to eliminate as well the deep accumu- 
lation of undecomposed litter which greatly hinders the coming in of 
spruce seedlings and also constitutes a menace to what seedlings do 
succeed in getting established by endangering their future destruction 
by fire. It is also cheaper than piling and burning. In using this 
method the logging is conducted in the ordinary way, except that the 
tops are lopped to allow the mass a better opportunity to settle and 
thus facilitate clean burning. 

The same or greater care must be exercised in using this method 
to insure its complete control. Favorable climatic conditions must 
be chosen and a well-equipped force of men provided. The slash 
should be fired at a time when it is dry enough to burn well, but not 
so dry as to endanger the adjoining timber and allow the fire to get 
beyond control. The brush in the open area will dry out more rapidly 
after a drenching rain or moderate fall of snow than will the timbered 
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area, so that if the fire is properly timed the brush can be burned 
while the timbered area is still too damp to burn freely. 

Isolating and subdiwiding burning area.—The area to be burned 
over must first be isolated from the contiguous uncut areas by the 
clearing of all inflammable matter from wide strips on all sides. This 
may be accomplished by throwing all tops and lops for a distance of 
from 20 to 40 feet from the edge in toward the center of the cleared 
area. It would be preferable, though, to clear away, pile, and burn 
all brush on such strips in the manner previously described before 
attempting to burn the remainder. If the cleaned area is of con- 
siderable extent, a wise precaution would be to pile and burn similar 
fire lines through the middle, thus dividing the area into halves or 
quarters. If the area is small, the logging roads will serve as inter- 
mediate fire lines. 

With the necessary control lines cleared and burned, the generai 
burning would begin at the leeward side or along the upper end if the 
' cleared strip is on a hillside. The plots between logging roads would 
serve as units for burning. Only alternate plots along the leeward 
or uphill front should be kindled, and these should be allowed to 
burn down before another set is fired. 

The method is unquestionably more dangerous than burning in 
piles, demanding a larger force to handle it. Careful judgment in 
the choice of time for burning is essential. The method should never 
be employed where the mineral soil is thin or nearly lacking as is the 
case on many of the steep, bowlder-strewn upper slopes in both New 
Hampshire and the Adirondacks. Under such circumstances the 
main purpose would be defeated and the slopes rendered barren and 
unproductive 

LIGHT BURNING. 

Under certain conditions the annual or periodic burning of the 
litter under growing stands might be advisable. Where there are 
dense, even-aged, planted, or natural stands in which thinnings are 
not to be made and therefore humus disintegrations can not be con- 
trolled, an occasional light burning would afford protection from 
damage by an uncontrolled ground fire during a drought. The soil 
would also be put in a more receptive condition for reproduction when 
the final cutting was made. The operation requires extreme care, 
otherwise its purpose will be defeated. 

The recommendation for the use of this means of fire protection 
and soil improvement is qualified and made contingent upon the 
adoption of the following precautions: 

The stand to be thus treated must be established on moderately 
deep mineral soil. 

Except where the slope is very gentle, any accumulation of litter 
should be removed from the upslope side of the trees before burning. 
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The burning should not be undertaken until the trees are suffi- 
ciently large to have developed a suitable thickness of corky bark to 
afford ‘lie necessary protection from injury, and are sufficiently 
cleared of their lower branches to afford opportunity for the fire 
tenders to get about easily and to control the fire. 

In the ahaentee of roads or other cleared areas which might be used 
for fire control, ground-cleared fire lines should be provided around 
the border and possibly at intervals within the stand, particularly 
if a hillside is to be burned. 

Burning should be restricted to a time, preferably early spring, 
when the loose top litter is dry but the under layers and soil are 
damp. The burning must not be allowed to reach to mineral soil. 

A sufficient force of men properly equipped for fire fighting should 
be in attendance to check a too deep burning and prevent the fire 
getting beyond control. 

The plan of burning in strips along a well-defined and protected 
front with gradual progress away from it should be followed. All © 
other precautions mentioned elsewhere should be carefully observed. 

Tight burning is not advisable in selection stands where the repro- 
duction and young growth form a distinct asset, since they would 
inevitably be injured or destroyed. It has a place where dense, 
even-aged stands are to be cut clean and reproduced by natural regen- 
eration methods, although too much emphasis can not be laid on the » 
danger of fire escaping and the taking of every precaution necessary 
to prevent it. 

SOWING AND PLANTING. 


It is highly probable that it will eventually be found profitable to 
plant many of the spruce areas when they are cut over, rather than 
to wait for the slower and less certain restocking by natural means. 
This will come first on those areas at present covered with even-aged 
stands and such of the selection stands as are understocked with young 
growth or chiefly cut for pulp wood. 

A comparison of yields will suffice to show the advantages to be 
attained by planting over cutting under the selection system. Thus 
the average yield per acre of spruce in Maine at the present time, 
cutting to a 12-inch diameter limit, is placed by lumbermen at about 
2,000 board feet. With a diameter limit of 12 inches, a period of 49 
years must elapse before a similar amount can again be harvested. 
It is obvious that a cut to 8 inches would still yield material of a size 
suitable for pulp wood and would increase the present cut per acre 
to about 3,000 feet board measure ' (5 cords) and reduce proportion- 
ately the cost of logging. But with an 8-inch diameter limit it is 


'The approximate eeeieonaaes of this figure is ponte out by a yield table prepared for 7 es ere wer 
spruce and hardwood lands”’ in Maine, by Hosmer, appearing in the report of the forest Commissioner, 
Maine, 1902. 


be 
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quite probable that a second cut could not again be secured short of 
100 years, and it would also be increasingly difficult, if not impos- 
sible, to secure satisfactory natural restocking. 

By comparison the same land managed under a system of clean 
cutting and planting could reasonably be expected in 60 years to 
vield at least 50 cords from trees 8 inches and over in diameter at 
breast height and an additional 10 cords from trees between 6 and 8 
inches, or a total of 60 cords. A further advantage, though of minor 


- importance, is that with the planted stand the material produced 


——~ 


would be uniformly of a size to be easily handled by hand in the bolt. 
If handled in the log, the cost of logging would be somewhat more 
than the cost of handling larger timber. 


DiRECT SEEDING. 


Under certain circumstances it may be found advantageous to sow 
the seed broadcast m the places where the future forest is to be, 
simulating methods of nature. This will give satisfactory results 
where an abundance of seed can be secured cheaply and where an 
extensive area too stony or otherwise encumbered to admit of planting 
economically is to be reforested, but only as the result is viewed from 
the standpoint of the whole. Acre for acre the result will be less 
satistactory than planting, particularly in commercial reforestation, 
for there will be many bare places, which will increase the cost in 
proportion to the amount of land that lies unproductive throughout 
the life of the resulting crop. If the bare spots are planted later, that 
will increase the cost. Other methods of a more or less extensive 
character are: Broadcasting the seed on previously plowed strips; 
planting-with a corn planter: or hand planting in prepared seed spots. 
These methods are not ordinarily well adapted to red spruce; for as 
the intensiveness of the method increases, the cost very nearly 
approaches that of planting seedlings, which would be much more 


likely to succeed. 
PLANTING. 


On account of the tenderness of spruce, its exacting demands on 
the quality of the seedbed, and its slow growth in early youth, much 
more satisfactory results will be obtained in reforestation by plant- 
ing than by sowing. The choice of stock is of great importance. If 
the ground cover is dense, the soil wet or dry or subject to freezing, 
or if direct insolation is strong, especially thrifty plants must be used, 
such as three of four year old nursery transplants. For planting on 
an area from which the surface cover has been recently removed and 
the mineral soil exposed two-year-old nursery seedlings will suffice, 
provided the situation is sheltered and the too prolific development 
of brush and weeds can be prevented. A slight nurse cover for 
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spruce is of advantage during the period when it is becoming estab- 
lished. Where each tree represents an investment, however, the 
nurse cover must not be allowed to interfere with the seedling’s nor- 
mal development. 

Costs.—The following cost data for red spruce are based on the 
experience of the State of New York in its reforestation operations: 


Average market price of spruce seed (ranging in price from $3 to $7).per pound.. $4.50 


Oost of collecting seed oo... Lin 6 PC Ee 2 Se ee $0. 90- 1.50 
Cost per thousand to raise 2-year-old seedlings (based on 500,000 seedlings annu- 
he oe ee a Pee eee Sem OMEE wee Os i. 33 
Three-year-old transplants.......-..---... Pete ee ee ee as aoe, ach 
Four-year-old transplants: oo. 222 ee es SHR: 


The cost per acre of making plantations, usmg various aged stock 
and different spacings was as follows: Using 2-year-old seedlings 
spaced 4 by 4 feet apart (2,722 trees per acre), $11.79; spaced 5 by 5 
feet (1,742 trees per acre), $7.54; spaced 6 by 6 feet (1,210 trees per 
acre), $5.24; using 3-year-old transplants spaced 4 by 4 feet, $19.41; 
spaced 5 by 5 feet, $12.42; spaced 6 by 6 feet, $8.63; using 4-year-old 
transplants spaced 4 by 4 feet, $22.67; spaced 5 by 5 feet, $14.51; 
spaced 6 by 6 feet, $10.08. No allowance is made in the above fig- 
ures on planting for the cost of transporting the seedlings from the 
nursery to the planting site, since it is too variable. 


SOURCES OF PLANTING STOCK. 


Because of the slow growth in early life of red spruce planting 
stock, it is difficult to handle both in nursery transplantmg and m 
the field where 2-year seedlings are used. This unquestionably will 
be a strong factor in limiting the planting of this species, since both 
white and Norway spruce (Picea canadensis and P. eacelsa) are much 
more satisfactory in this respect. For small operations, the purchase 
of planting stock will usually be cheaper than the raismg of home- 
grown stock. Where extensive planting is to be undertaken, how- 
ever, the field planting and nursery work can be coordinated to 
advantage and placed under the direction of an experienced manager, 
in which event a local nursery is desirable.’ 

The use of wild seediings of this species, if collected as they occur 
in the woods without selection and transplanted directly to the per- 
manent site, would yield very irregular and unsatisfactory results. 
Such stock would be of all sizes and of various ages from 1 to 10 
or 15 years, with poorly developed, widely ramifying root systems 
and spindly tops. More uniform results would be obtained if the 
seedlings were set in nursery lines for a year, and a careful selec- 
tion and grading made possible. The wild transplants would still be 


1A detailed description of the subject of raising and planting coniferous seedlings will be found in 
Bulletiin 76, Forest Service, U. 8S. Department of Agriculture, ‘‘How to Grow and Plant Conifers in the 
Northeastern States.” 
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inferior to straight nursery-grown stock; and the expense of trans- 
planting, tending in the nursery lines, and grading would bring their 
cost up to that of the more satisfactory nursery-grown seedlings. 


SPACING IN PLANTING. 


For general commercial planting a spacing of 5 by 6 feet or 6 by 6 
feet apart is recommended. Moderately close planting is necessary 
with spruce to stimulate its growth in height and to provide for the 
closing of the crown cover and suppression of its lower branches. 
Such a stand properly thinned should show a final yield in 45 years 
of from 32 to 55 cords per acre in addition to the intermediate yields 
from thinnings. Wider planting, as, for instance, 8 by 8 feet or 8 by 
10 feet, is advocated in some quarters to obviate the necessity of 
thinning under a short rotation for the production of puipwood. 
The timber produced by such a method would be short, big-butted, 
with a quick taper, and clothed with green, or at best poorly sup- 
pressed, dead branches well down to the ground. Such a stand 
might be expected to yield between three-fourths and 1 cord per acre 
per annum with a 30 to 35 year rotation. 


ROTATION. 


Some consideration has already been given to the rotation in con- 
nection with the discussion of methods of cutting and of thinnings. 
As indicated in Table 17, a rotation of from 55 to 60 years under 
average, natural, even-aged conditions will yield a maximum of 
pulpwood volume. Judicious thinnings should reduce this rotation 
from 5 to 10 years, increasing the gross volume, including the volume 
of yield from thinnings, at the same time. For saw timber and dimen- 
sion stuff a rotation of from 100 to 120 years should yield a satisfac- - 
tory return under management for selection as well as even-aged 
forest. conditions, as shown by Tables 15 and 16. Im the case of 
_ selection forests, of course, the quantitative yield would be small as 
compared to even-aged stands, but this disadvantage should be 
offset to an appreciable extent by the better than average quality 
yield. 


APPENDIX. 
VOLUME TABLES. 


The volume tables for spruce which follow are divided between 
the various units of measure and comprise 12 board-foot tables, 
4 cubic-foot tables, and 3 cord tables. 

Board-foot tables. —The board-foot tables are all for old-growth 
spruce, except one of the New Hampshire tables, which is for old- 
field spruce. Since a different log rule is in use a each of the four 
principal spruce States, the data in each State has been worked up 
by the Scribner Decimal C rule for purposes of comparison. 

Of the four Maine tables two are based on the total height of the 
tree and two on the number of 16-foot logs, each according to the 
Scribner Decimal C and Maine log rules. 

The New Hampshire tables are five, one of which, Table 29, is for 
second-erowth spruce. The old-growth volumes are given in terms 
both of the New Hampshire and Scribner Decimal © rules on the 
basis of total height and number of 16-foot logs. 

Both New York tables are according to ath Scribner Decimal C 
rule, one of which is based on the total height of the tree and the 
dhe on the number of 16-foot logs. Although the Standard is not 
a board-foot measure at all, tables of volume in terms of Standards 


. (Dimmick rule) on the basis of total height and of 16-foot logs are here 
included for purposes of comparison. 


The West Virginia tables are divided between the Scribner Decimal 
C and Doyle rules, each on the basis of the total height of the tree 
and on the number of 16-foot logs. 

Cubic-foot tables.—The cubic-foot tables (Nos. 38 to 41, inclusive) 
are all for old-growth spruce except No. 39 for New Hampshire, 
which is a combination of old-growth and “‘old-field” spruce. These 
tables being all for approximately the same utilization at stump and 
top, afford a good opportunity for comparison of development in the 
different localities. According to the tables given, the diameters 
and heights run about the same for Maine and New Hampshire, but 
the Maine trees are generally fuller bodied, as indicated by a larger 
cubic content for the same diameter and height. Had the New 
Hampshire data been from the northern instead of the southern 
part of the State, it would doubtless have exceeded that in Maine in 
height and diameter and in volume as well. This is because spruce 
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is generally believed to reach its New England optimum in northern 
New Hampshire. For equal heights and diameters Maine shows 
fuller-bodied boles than West Virginia, yet in general development 
West Virginia greatly excels. 

Cordwood tables.—Old-field spruce is most commonly sold by the 
cord for pulp, sometimes rough and at other times peeled. Hence 
Tables 42, 43, and 44 were prepared for New Hampshire conditions, 


where old-field growth is most prevalent. Table 43, based on 5-inch 


utilization in the tops, was derived from Table 44 by interpolation. 
Table 43 was used for scaling the sample plots for Table 17. 


TABLE 21.—Board-foot volume of red spruce in Maine, according to the Scribner Decimal 
C rule and total height of tree. 


[CURVED.] 
Total height of tree—feet. 
Diameter ae 
breast 40 56 60 70 80 90 Basis. 
high. 


Volume—board feet. 


Re Based aaa taper curves, scaled as 8 and 16 foot logs. Stump height, 1 foot; diameter inside bark of top, 
0 § inches, 
Data collected by R. S. Hosmer in Piscataquis County in 1902, 
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TaBLE 22.—Board-foot volume of red spruce in Maine according to the Scribner Decimal C 
rule and number of 16-foot logs. 


[CURVED. | 
Diame  a 
matt a foe |e ja | s fa | | |e [om 
high. Feel 


Volume—hboard feet. 


Number of 16-foot logs. 


Based on taper curves, scaled as 8 and 16 foot logs. Stump height, 1 foot; diameter inside bark of top, 
6 to 9 inches. 
Data collected by R. 8. Hosmer in Piscataquis County in 1902. 


TaBLE 23.—Boardfoot volume of red spruce in Maine according to the Maine rule and 
total height of tree. 


[CURVED.} 
Total height of tree—feet. 
Diameter 
breast 40 50 _ 60 70 80 90 Basis. 
high. 
Volume—board feet. 
| * SEIS es 
Inches. Trees. 
Pataena3e| 15 20 ge annem PRE ASST as 8 


Based on tapercurves. Logs scaled inlengths of from 8 tol6feet. Stump height, 1 foot; diameter inside 
bark of top, 6 inches. ° 
Data collected by R. 8, Hosmer in Piscataquis County in 1902. 
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TasiEe 24.—Board-foot volume of red spruce in Maine according to the Maine rule and 
number of 16-foot logs. 


(CURVED. ] 
Number of 16-foot logs. 
Diameter 
breast 1 1} 2 24 3 3h 4 4 Basis. 
igh. 

Volume—board feet. | 

Inches | Trees. | 

en 20 DB Teer Site 5 gee OR a a ETE ag es Sally cd LS 8 | 

Seals Sa 30 35 CCUG epee et cre geet cee co al at ies, a cred | Reet ete fe a Sa Be isl) 
Oeste 35 45 Oe | ere a iare = Abts Peeters ta cereraes ies a A lee Oa Sin RS Rae Re 18 
10 3 45 50 70 foi 7 ane WSR eae | e-vasherte tie el eee ae (0S 29 
ih ees 50 70 80 HOC era ciciani 5 <Pyaerc cise eee [Ses Soe ees] bn Scie o ayae 21 
ale = 60 80 100 110 DAD NN, Sea eo ee ae ey eee (Pe eer 9 Pl 
epee nets pele oe 0) a 90 110 130 EGO Mag [Rec e Se ra eu Re ee 20 
ny. Roe Noeaoosceccecocauaes= 130 150: 180 PAD) A Np A eager Tae, cst e ct tal 22 
TBS ali: At a a ee er 150 170 210 A (rit | 38 Sade fs AR 27 pe | 13 
Ges are eS Salt e S ee ere bls 170 200 230 270 SOR ae els ee. 11 
TF 3 he = Se | a ere yo 220 260 300 SOO eres Sree 14 
TE ea ee | ea nee et Oe oe ee 250 290 340 390 440 19 
1h) Se ee | OSE piel ER RIE ol em nenee ame er eee ny emer 320 370 420 480, 6 
FU 58s UGS GOe bE) Gee EOI 2c | Camere gene tb) | Menraueg onae ss 360 410 460 520 6 
Ol tess AS entree see al EOE ISTERC Ee SERIE ae 2c eee eS 390 450 510 570 6 
SAAS ae \ineéonnene| 'Saenqenes 4 seen torts wecorJebee | AeercaHese 5006 560 620 4 
22 OOS Sl AAS BOR Ee ec] GOO EISEIG Cal CRS DBE 5c Spe caete aa Sere 550 610 680 4 

Tilia eRe 1 ashe col ees es Che cy GUE Rae, eae |S Se pial cee Soe 670 Zea Nae os Boe | 

eae eeae en yes Sd tae re =) BRS san SWIRL Goat5e ob Ale eels ww oS ecaleia$ @ 00s 740 820 | 2 

| (i teat | 


Based on taper curves. lLogsscaled in lengths of from 8tol6ieet. Stump height, 1 foot; diameter inside 
bark of top, 6 inches. 
Data collected by R.S. Hosmer in Piscataquis. County in 1902. 


Tas LE 25.—Board foot volume of red spruce in New Hampshire according to the Scribner 
Decimal C rule and total height of tree. 


{CURVED.]| 
Total height of tree—feet. 
Diameter 
breast 30 40 50 60 70 80 Basis, 
high. i 


Volume—board feet. 


Based on taper curves; scaled mostly as 16.3-fcot logs, with a few shorter logs where necessary. 
Stump height, 1 foot; diameter inside bark of top, 6 inches. 
Data collected by T.S. Woolsey, jr., in Grafton County in 1503. 
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TaR_e 26.—Board-foot volume of red spruce in New Hampshire according to the Scribner 
Decimal C rule and number of 16-foot logs. 


[CURVED.] 
Number of 16-foot logs. 
Diameier 
breast 1 | 1k | 2 2h 3 3h | 4 Basis. 
high. | 
Voltme—board feet 
Inches. | Trees. 
8 20 30 43 59) Ap ett ce cll eadereerene ie |lc-arevaltorciaine 76 
9 21 33 46 68. |iroreterhe ce] ER oe ac ee ee yee 75 
10 22 37 50 69 BO ad Fare ape cate haven prepares 87 
il 23 42 56 76 98) | siz caee eaten eneee 76 
12 24 48 63 85 110 140 | ERS Pp 87 
LB Ye ee ee 56 72 95 120 SOR eeeee eee 54 
1 ae ee ee a 65 81 110 130 170 210 68 
1G Sig A ee ree 75 92 120 150 190 230 33 
Ties EE eee neeere aes 100 130 170 210 | 260 36 
Sy An ee i A ee ad 120 150 190 240 290 24 
RWS |e ee este lee 130 170 210 270 320 21 
TOPE Lae Seen ARO tee ties Gee 190 240 300 350 13 
AO Sparse sladtoretee aloe clam ee | sacle ee 210 270 330 380 9 
DISA orn be Seether pene eee 240 300 360 420 3 
I IP Eh ee a a as BEND 270 330 400 460 3 
7 i Pie ee edi DN en eel a Ne See fee pa 360 440 OOO) a ease een 
AN has Scare epee eS a iSrernie oe | Sete este hereto ine 460 480 at) eee wees 
Pa \eel Perea Pion eal LES Ser a eae ag ta ee ee 440 520 COO ade oc. 
| 1 5a Sener ee a eee Se | eee tes kbs Kee ee 480 560 650 3 
2 
ema ee 6¢8 


Based on taper curves; scaled mostly as 16.3-foot logs, with a few shorter logs where necessary. 
Stump height, 1 foot; Miameier inside bark of top, 6 inches. 
Data collected by T. 8. Woolsey, jr., in Grafton County in 1903. 


TaBLE 27.—Board-foot volume of red spruce in New Hampshire according to the New 
Hampshire rule and total height of tree. 


[CURVED.] 
Total height of tree—feet. 
Diameter 
breast 30 | 40 . 00 60 70 80 Basis. 
high. 
Volume—hboard feet. 

Inches. Trees. 
8 26 30 36 44 it | as eee 76 
9 35 43 50 60 7 aay (Re Se ae 75 
10 45 56 66 78 91 100 87 
ll 58 70 83 97 110 120 76 
12 72 85 100 120 130 150 87 
a ha a ae as 100 120 140 150 180 54 
1 hel essere ciate. 120 140 160 180 210 68 
1a eS eee ee 149 160 180 210 240 33 
1G 4 | eens) 160 180 210 240 270 36 
RN arcs Gime 180 200 240 270 310 24 
ES 3) tes eee | 200 230 270 300 250 21 
UA EE ds 2 ee I. eae ee 260 300 340 390 13 
7) Parse SS Pes 2, ee eee 290 330 380 430 9 
DANG) tie sche ye AE. See ae bat 320 360 420 470 3 
71) fad pas eset ys - 350 400 460 510 3 

77 aed SR cea ie Dy... -eeearees Ree tee eee 440 500 560i eink. coee 

DA eet tet ene Al eee ace cll cleteiere maisied 470 540 610 Hic eee 

DE A eee Se Me a alls Se kal 510 580 660d] oacce eee. 
DB Sit an co ere SO a eye alt et te oe 540 620 710 3 
668 


Based on taper curves; scaled mostly as 16.3-foot logs, with a few shorter logs where necessary. 
Stump height, 1 foot; diameter inside bark of top, 6 inches. 
Data collected by T. 8. Woolsey, jr., in Grafton County in 1903. 
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Tapia 28.—Board-foot volume of red spruce in New Hampshire according to the New 
Hampshire rule and number of 16-foot logs. 
(CURVED. } 


Number of 16-foot logs. 
Diameter 
breast if 14 2 24 3 33 4 Basis. 
high. 
Volume—board feet. 
Trees, 
eee tees, Seed 76 
CRUD. ie 75 
aad SUR Se 87 
Espen 2 75 
Peepers paar a 87 
[ONL Ute 54 
| 246 68 
270 33 
300 36 
38 24 
360 21 
390 13 
430 9 
| 470 3 
510 3 
Hipage 
| GER Nas amos 
3 Ola es seers 
670 3 
668 
| 


E sed on taper curves; scaled mostly as 16.3-foot logs, with a few shorter logs where necessary. 
tump height 1 foot. Diameter inside bark of top, 6 inches, 
Data collected by T. S. Woolsey, jr., in Grafton County in 1903. 


TABLE 29 _—Board-foot volume of old-field red spruce in New Hampshire according to 
the New Hampshire rule and total height of tree. 


[CURVED. ] 
Total height of tree—feet. | 
Diameter | | 
breast 40 50 | 60 Basis. 
high. | 
Board feet 
Inches. Trees 
a 18 BY 28 @) 
8 30 37 44 (1) 
9 42 50 59 (1) 
10 55 65 76 1 
11 68 80 93 @G 
Al eee ae ek es 96 111 (1) 
Aye su eese ches 113 129 (1) 
aU Mae a Oe 129 148 @ 


1 Impossible to give, cld table. 


Scaled ‘‘straight and sound” in tree lengths cutting to a diameter outside the bark of 6 inches. If logs 
fare cut to a limit of 4 inches in the top, trees under 10 inches will scale about 10 per ceat more; those over 
10 inches about 1 per cent more. 

Based on the measurement of 579 trees made by T. 8. Woolsey, jr., in 1903. 
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TABLE 30.—Board-foot volume of red spruce in New York according to the Scribner 
Decimal C rule and total height of tree. 


[CURVED.] 
| : Total height of tree—feet. 
Diameter | | 
breast 30 | 40 50 60 | 7 | 80 | 90 100 Basis, 
| high. | | | 
| | Volume—board feet, 
a Soe. 5 Se 
Trehes, | | | Trees, 
8 18. | 26 34 41 BR a oo SOR Ae MO eee a ies ee 87 
9 26 | 35 43 53 67 | hi |) (REA oj te ea 63 
10 | 35. } 45 55 67 18 | 90 LODE Arse Sods 158 
ililg 45 | 56 68 82 96 110 130 140 178 
12 | 55 67 82 97 110 130 150 170 214 
1 ys |e ee ee 78 97 120 130 160 180 200 136 
| Se 2 90 110 130 160 180 200 230 180 
WO te Sooces ee 100 120 150 180 210 230 260 112 
PON ov oe 140 170 200 240 270 300 93 
1 (i SARs ee 5 | eae 160 190 230 270 300 340 79 
| oi Ss ae a Poa a ae 180 220. 260 300 340 380 77 
i ta] Lelearemereer sepa S| eepeyeeors eee C. 3!| speeaperanceeas,» f 250 290 340 380 430 3 
10 | RRO (Aiea di teed + \ | Se eee of 270 320 380 430 480 44 
YAW eRe ee 5) Se Puen 7S | eee fl 300 360 420 480 540 17 
Soe 2 De! ons 5 ea ee 320 400 470 540 600 16 
SUS Ee ee tw «FS | Seu eleva |i PRE aie OS ti | Maa oe rey gc 440 530 600 670 6 
pI ae is © © | ane aie ee + lt Ree ne «| Sh Siege Sate 490 580 670 750 6 
DOW Nisa ar aes SA oN eT ea eee ene 540 640 740 840 1 
yl | Se a ne | Sa oe eee’, 4) Woee eee eS C8)! SN ie 600 710 820 930 1 
1,507 


Diameter inside bark of top, 6 inches; sturmp height, 1 foot. 
16,3-foot logs, with a few shorter logs where necessary. . 

Based in part on measurements taken under the direction of the Superintendent of State Forests, New 
York, in Essex and Herkimer Counties, 1912, 


Based on taper curves; sealed mostly as 


Tasie 31.—Board-foot volume of red spruce in New York according to the Scribner 


Decimal C rule and number of 16-foot logs. 
[CURVED.] 


Number of 16-foot logs. 


Diame-|—— alps 
wees 1 | LB | 2 | 24 | 3 33 | 4 | 4h | 5 | Basis. 
high. |— 28 
| 
Volume—board feet. 
| | 
| Inches. Trees 
8 19 | 382 43 BO ee ee [wd.crcee Sit) ee Raa ek 87 
Vase 24 36 49 64 78: |i]. Ba Doe -see Pe eee eee 63 
10 30 41 56 72 B50] ROD aE S2 soap ee eee eee 158 
Lae 86 We Rey 65 81 98 |} TOO |. ee el ee a ee 178 
1D) |). 2b 54 74s ee OF 110 | 130 16M Ii see Pal eee 214 
Biba Reni 60 ; 84 | 100 130 150 TSO gs es cc elise one 136 
1s a see 67°} 95: | 120 140545 170 200 OBOW |e caeeece 180 
ii eee epee ak 130 160 | 190 | 220 S60h aaa oe 112 
TCO 1 nC SI a 120 150 180 210 | 250 290) keene 93 
Pay Us) eRe see Oe 130 160 200 | 230 | 270 S00 reba 79 
abet (<2) ae pe oo ae 140. | 180 220 260 | 300 350 410 77 
LOMy Le SA aS Siem ee Se Le 200 240 290 | 340 390 450 39 
PS eS ini . heater! 210 260 320 370 430 500 44 
Oa tet ae en ee eet ADEE 290 350 | 410 470 550 17 
Gee 1, ee Re ee fees ee - RBI SE leant | 320 380 | 450 520 600 16 
Lope 2S Ie Sieg ee, Bee aes eaters 350 | 410 | 490 570 660 | 6 
Pot A Ne ie tea te Hine ae 2 ees seed eee 380 450 | 530 620 730 6 
[ike weep Rs tee = eee oi 410 480 | 580 680 800 1 
aby ofall Be alec ale | a eh Page 450 520 630 750 870 1 
| } ! 
1, 507 
| | / 


Based on taper curves; scaled mostly as 16.3-foot logs, with a few shorter logs where necessary. Diameter 


inside bark of top, 6 inches; stump height, 1 foot. ’ 
3ased in part on measurements taken under the direction of the Superintendent of State Forests, New 


York, in Essex and Herkimer Counties, 1912. 
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“Tasun 32,.—Standard volume of red spruce in New York according to the Dinvick rule 
j and total height of tree. 


[CURVED.] 
; Total height of tree—feet. 
fe Diame- esioe am es 
ea 30 40 | 50 | 6 | 70 | 80 | 90 | 100 | Basis: 
2 | | 
high. ! [Eee tral: 
Volume—standards.! 
Inches. | | | | | Trees. 
8 0.14 | 0.19 | 0.24 OR29 i SONS ees eee Fozarcogs||s 22nd 87 
9 EEE pe AA ohn 80 |. 86. |) 4, Aiken el Mate Pegbatide eee Bas 63 
10 Pee | Saray) net 44.) 50 CUO m sate ee Joo oe Eo 158 
TOD a eee 34 44 54 | .62 37 Jeet ealeaae oar 173 
11 |e | BON eee D2 . 64 14 .83 Ot eo ee 214 
16) eee 45 . 60 74 . 86 97 WOT eda oe 136 
IVE te | Seen nee 52 69 ciety hee ttl’) 1.12 1, 24 1.36 189 
UB: |sSecenee| Sa .ccuce 217 94 1.12 1,28 1,42 1.55 112 
WG Rel teria alesse <it - 86 1.06 1. 26 1.44 1.61 1.76 93 | 
17 | Sel eet a 95 1.18 1. 40 1.62 TS Le ne L799 79 
BR teres acralbe teasers = 1.05 1.31 1.57 | 1.80 2.03 | 2.23 He 
OR ae peel nash 24-9 <7 wisre oeyorek 1.43 | 1.73 | 2.00 2.26 | 2.49 3 
7) ih eee eenellbcasoeee 1.55 1.90 2, 22 Pas an 2 fo) 44 | 
741 Wi ers Perey tiayalaiS tees 1.69 2.08 2. 44 2.77 3. 08 17 | 
7, el Peer Sac ae as ee epee 1.83 PAA HPO 3. 04 3.39 16 
Aas shah sees aa pate alee Pages oP eal eee Ba ee 2.47 2, 90 3.32 3. 72 6 
Es, AON SR i) IS le Sire Ince = ere) cee ee 2.66 | 3.14 3.61 4.06 6 
743) SSB eee OE Cegeliece. = solacorsoRe 2.85 | 3.39 3. 92 4.42 1 
L2G) “gl el ae | eee (eg a ea On 3. 04 3. 64 4. 23 4, 80 1 
1,507 


1A Dimick standard is equal to the volume of a log 19 inches in diameter inside bark at the smallend 
and 13 feet long. A cylinder of these dimensions contains 25.6 cubic feet. 

Diameter inside bark of top, 6 inches; stump height, 1 foot. Based on taper curves; scaled mostly as 16.3- 
| foot logs, with a few shorter logs where necessary. — 

Based in part on measurements taken under the direttion of the Superintendent of State Forests, New 
York, in Essex and Herkimer Counties, 1912. 


TasiEe 33.—Standard volume of red spruce in New York according to the Dimick rule 
dt t hale 
and number of 16-foot logs. 


[CURVED.] 
Number of 16-foot legs. 
Diame- ] aa ] 
ter 1 | | 1 j 1 | 4 | = | 5 
Breach 1 13 | 2 os 3 3 | 4 A | 5 | Basis. 
high, ! | | 
Volume—standards.! 
| | Trees 
Bb toes cae orl AOR ST Senet ee Ee 87 
OFA eee eerste ae eres jane setes 63 
5 Doane OY Gomi aus sae | cman a alee os eat 
NGS este a AT bea pee ene emma Ali we 178 
[). Rai Del peaegs Shes |e OMOB Ie |lestia ee aloe oa 214 
80 | .95 LOW, mown enc lisence 136 
ESOW ete Comalen mone. ibeaiiienue cs. . 180 
98 fat Fon 36 TE Geax al aa ie 112 
LOS Maer 29 pe io oOmy atl a7dt 1/38 s Al 93 
MP ASe alee 1.64 TBS reall Newel 79 
| 1.29 |) i054 1.80 2.07 2.3 77 
i. 40 1.68 | 1. 96 2.17 2.59 39 
51 1.82 2.14 2. 48 2.81 44 
T5645 OSs e233. 1 25690) 3h05 17 
Te | ei Nee 2.92 3.31 16 
1,92 | 2.32 | 2:74 3.16 3. 60 6 
2.07 | 2.51 | 2.96 3.41 3.90 6 
PON RID B®) 3. 68 4,20 1 
2.38 | 2.89 3.44 3. 96 ABs i 4 
| 1507 | 


1A Dimick standard is equal to the volume of a log 19 inches in diameter inside bark at the small end 
and 13 feet long. A cylinder of these dimensions contains 25.6 cubic feet. 


Based on taper curves, scaled mostly as 16.3-foot logs, with a few shorter logs where necessary. 
Diameter inside bark of top, 6 inches; stump height, 1 foot. ; 
Based in part on measurements taken under the direction of the Superintendent of State Forests, New. 
York, in Essex and Herkimer Counties, 1912. oe 


fl 
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TasiE 34.—Board-foot volume of red spruce in West Virginia according to the Doyle 
rule and total height of tree. 


[CURVED.] 
Height of tree—feet. 
| Diameter | ee pce | Piece: fee eae 
| breast 50 60 oO, wa 80 90 100 110 Basis. 
high. | 
Volume—board feet. 
Tnehes. | | Trees. 
8 loBsosmacecllnees Sada H 2 


Based on taper curves. Logs scaled in lengths from 8 to17 feet. Stump height, 1 foot; diameter inside 
bark of top, 6 inches. 
Data collected by John Foley in Greenbrier County in 1903. 
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TaBuEe 35.—Boardfoot volume of red spruce in West Virginia according to the Doyle 
rule and number of 16-foot logs. 


(CURVED. ] 
Number of 16-foot logs. 
Diameter | | | 

breast 1k | 2 | 2h | 3 3h 4 4h 5 es 6 Basis. 

high? | 
Volume—board feet. 

Inches. Trees. 
shape a 5 HSA SERS Screh Soret cate remete Berersttente sts es VERE ire ke eral eae LLP a he 2 
Gites S 10 LODE ATR SAE SSS hy LE DCSE ois ariel eee ee eeteseOreraeee ail arom ee 9 10 

Ow Se 15 20 30 | Sol Oe EM erty er clo es CI ENS eee tn [nen Ui ee ee Ney RE 19 

Hier Di scne, 6: 35 A) Soins SCAN Bee re asl bs a ea Se RN eI ee Pe 40 

TA 5 CC a 45 50 | 60 70 CoH DS eS epee te eral SS a UP 33 

meee ric oeesline a 2 2 70 80 50 TTOYO RS ear el tl Pe Hie ee OG ea 42 

HAMM ein eee er ak Se 80 100 110 130 TEED WOME SP i rin Ls eee A cate 28 

TE are cl eer Sails 100 120 140 150 TUS TE a See rE laloaie Raced 29 

UN Be Sie JIN ie eae Ieee 140 160 180 210 Airis Nae ei | ohne ay 31 

12 ae st a ee es cane Dior gee 160 190 220 250 OAS DN evan Ee ane 23 

Thal. S ae SG GS SRE Cen eR eS ES ei a erie aires 220 250 280 220 SOON an ee aia 24 

IML. a. 5. oes cece) Sa teesse See Saou cliecesedos 250 50 330 310 CTO) Sh eee see ce 16 

Gi). || eos sess eases See ongenprmoscds 290 330 370 420 AS it | eee 22 

Dil: ene a ea |: scapesfeegacadcfesoosse 330 370 420 480 SAO aE ae 18 

Spec hale mabe Oe [Rae ctecees eeu ye La. 360 410 470 540 CHO: eae 18 

Capes OR UA Pole a Nesey cee Eanes tall aye fafatagal ladon ck Yala 450 ~ 530 690 GoW) Weeeeuey 4 | 15 

ISTE yt A) es Oa Res Saeeeet ee Ra es eee be eee 2 tA Renee 510 590 670 AG Ole: | ieee a 6 

aroma me 1 cys RINE SY FE RR De a 660 750 820 | 920 | 8 

DopeeAsalisks Seeks TO eee es aera ea Ss Sere etree asi 740 820 | 910 1,040 4 

Fife: ee | a siesta eds TEL EN BY Sea ee PRN ea are 910 | 1,000 | 1,100 5 

Oyey Tas pan RE ES AE RAINE Di ah 98 SUNG a a 1,000 | 1,030 | 1,190 6 

SMe Bhi d es oe ga eo eae once ue NS DN 1,080 | 1,190 | 1,300 3 

BYOIS A cal he ee Oa eae] bens eee eel are eS ae resent | Pea ese sy etic tere 1,180 1,290 1,410 1 

Pier ap RraIeareee is info e ke |e ee oes US ek CES NM wa eR cKO Fs la 1,400 | 1,520 2 

See) TNS A a ie A cs ae pk ee TREE Sy Ase aaa REIS eon | [is open 1,520 TO 4 Ole ae eae 

BBY aa ele a oa eas Bea aE 2) 2 le US Ce a Pe 1,630 | 1,750 a 

Eyes Sa a eae PES era eng Ose al a et HES eae Le eacone gal Soret TEa dD RES TO |) WESTO Wesseksese 

416 
{ | 


Based on taper curves. Logs scaied in iengths from 8 to 17 feet. Stump height, 1 toot; diameter inside 
bark of top, 6 inches. 
Data collected by John Foley in Greenbrier County in 1903. 
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TasLe 36.—Board-foot volume of red spruce in West Virginia according to Scribner 
Decimal C rule and total height of tree. 


|CURVED. | 
f 
Height of tree—feet. 
| aa NE ae ed ee 
Diameter! 
breast 50 | 60 | 70 | 80 | 90 | 100 | 110 Basis. 
high. 
Volume—hoard feet. 
| | | 
Inches. | | Trees. 
8 20 25H MeN here [rete tote ie Men caertaedel banter sins ual] Se 2 
9 30 ST [aeons aes mite [Soe cone J eee eepeege ck 10 
10 45 50 60. | 70 Seer ee eBay: pee oh, 2 19 
11 60 7 80 [Pat a8 ene Sil FSS Pane Fe ieee eee 40 
12 75 90 110 120 | TE ROR eres ie ene ai 33 
13% ol eens eek 120 140 150 | Ys eae Oe te Ree 42 
TERS DRT SENeS UR 150 170 190 210 G5 (ae ten ak 38 
Aide eee keke 180 200 220 250 - DSO Moe esnecee 29 
ny See: 210 230 260 300 330 350 31 
17) 6) | ar ceeee eR e oeee ors 260 300 340 380 410 23 
iii eee meee eS Sea 300 540 390 440 430 24 
TT Ng ay ca cs 0 Se 78 ea RS 390 450 500 540 16 
DO [i ts SER OS CIR CEM Rg 440 | 500 560 610 22 
Die dt 2 see | OES a 480 570 630 690 18 
5) MOE 0 ae ee ie 1! eee oe 540 630 710 770 18 
iy erates <1 Ve SRP 3] SR al RR dara 700 780 860 15 
DA Nek Pe fee eer cradl SO ae Ae ae 770 860 960 6 
S| | ae A Sco eee ll ee ae 840 940 1,050 8 
; OY (Sie Sl Dk, em | HS ae Fe er Sa $10 1,030 1,150 4 
yf ee oe i ai PE eas Bee ee It ee 1, 130 1, 270 5 
ds ee a | £ DORE ae a eee | ied on gene 1, 230 1,390 6 
Ct) I aia ol ae Set ae Se (nei eae SES FSIS ee) 1,340 1,520 3 
SOE co. eee Lae Ae tre a ee A ye 1, 450 1,660 1 
2 co (Ab i eae Vd ef ie en Rem Maem emesis MOT AMY nt be Va aE 1,570 1, 790 2 
SORT G. Ohad bE rorchercrs reece cron nh ene cst To a 1, 680 T9380 Hes. sak 
BERYL 1 ead eerthoretow crater a ioniera etre ested ees 1, 790 2, 060 1 
SAPott hie See N Ecco teste creraisrai tate ots Choma are eet 1,910 2-200 BBs tec 
416 


Based on taper curvesscaied as 8and 16 footlogs. Stump height, 1 foot; diameter inside bark of top, 6 to 
9 inches. 
Data collected by John Foley in Greenbrier County in 1903. 
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TaBLE 37.—Board-foot volume of red spruce in West Virginia according to Scribner 
Decimal C rule and number of 16-foot logs. 


[CURVED.] 
Number of 16-foot logs. 
Diameter | j | Gilaeae een ea 
breast 14 2 2H ulna oi 3h 4 43 0) | 54 6 Basis. 
high. | 


Based cee taper curves, scaled as 8 and 16foot logs. Stump height, 1 foot; diameter inside bark of top, 
6 to 9 inches. 
Data collected by John Foley in Greenbrier County in 1903. 


. . . s 
'Tasie 38.—Cubic-foot volume of red spruce in Maine. 


[CURVED.] 
{ 

e Height of tree—feet. 
Diameter | | | 

breast 40 | 50 60 | 70 | 80 90 Basis. 
high. | 

Merchantable volume, including bark—cubic feet. 

Inches. Trees, 

6 3-0 4.5 CD se pees ehered Ses dere oe alt Sem ea net 5 

i 5.0 6.5 PET NS cic eoe atoms St tease |e a ee 8 

8 eo 9.0 | NOLS ini | Quer eee cee Guslee gee Sone 1i 

9 9.5 TRAN Sloss AU eel RC a 18 

OES 12.0 14.5 17.0 IPB Eran pace yids ern ta fe 29 

11 14.5 yk | 20.5 DOR Oia eine pete ea Bese DO 21 

12 17.5 21.0 | 24.5 il tes Opie eee Oe eae oro |e ep ad 27 

13 21.0 25.0 | 28.5 SG deen es RY ca 20 

Te Meera 29-0 | 33.5 36.5 ZNO) NOVO) ay sete acre 22 

IGS epeeeceeeies 33_5 38.5 42.0 AGRO Reon A 13 

UGH ete 38.5 43.5 48.0 52.5 57.5 11 

STi iclinai eats eytiel ote es a ree | 49.0 54.0 59.5 65.5 14 

eit elheereere at jocecc eee 54.5 60.5 67.0 (2-5 19 

HUQ Napa ras eae ay aya eh alas MNEs SNS Ui 67.0 74.5 82.0 6 

PADI a Seas Ses Srey errs ve (all rac ok ave 74.0 82.5 91.0 6 

DRS emepe eee nace seieceeresescces 81.5 91.5 101.0 6 

DO eet ine rao] |e ee eter ee ee eeme 89.5 100.0 111.0 4 

2d\> |Rovseeecea|soedes Sale lravstete ere pte 97.5 109.0 122.0 4 

DANE chats eyarerevore | paereger ea ere ees oct ie 2 aM Se ae 118.5 BRAl) lebeecoasee 
Dow erate elect ee etal oleae | lsseeococse|>scecocose 127.5 144.5 2 
i 246 


Based on taper curves. Stump height, 1 foot; diameter outside bark of top, 4.5 inches. 
Data collected by KR. 8. Hosmer in Piscataquis County in 1902. 


80 BULLETIN 544, U. S. DEPARTMENT OF AGRICULTURE. 


TABLE 39.—Cubic-foot volume of red spruce, virgin and second growth,! in southern New 


Hampshire. 
MERCHANTABLE VOLUME—(UNPEELED). 
[CURVED.] 
Height of tree—feet. ' Basis. 
| Diameter | : 
iG 40 | 50 60°; 70 80 | 90 Second- 
igh. 
5 2s ace all ee een 1 aq growth 
All trees. eae 
Volume—cubic feet. only. 
| 
Inches 
5 1.9 2290.4)". FOL Sea eee Cee ees eee 29 29 
6 3.9 402) hi oar S 2a] Pe Gee ee eee 98 98 
7 5.0 G25) ees 7.0) Shee 9 Ole eee eee fee be eee 128 127 
8 6.6 8.4) a0: 0) 4) LIES 7a ee I ee eae 165 163 
9 8.5 LOL8..) yh Qa le) Sabi Nh ek eek Ree eee eee 161 155 
TONE eee ee O20) 6 | NTS GY YP ct Be QIN ix eon Cee ee eee 113 103 
The Bessectsree 35) )) LB Bi Une 2 aaa |e eres etree ae 78 64 
Lea Reo saeetc SD} | MDDS NS es SAIN a ee see een tok cee 63 37 
US ese ecee: |e esi] 2620) SIN SOE ian: sg er an mt ener 42 22 
M4 syosboteedes[ho os Sec) e800) srt ye SaNON aly ac aO bo) 4ait semen eee 55 29 
LD ofocce ce Sess] eee ect fel MP BATS y MP RS Boye | eet) ian eee 56 23 
16 - esc. o 0 a s-|e  Aee ee eS 89-0" 8A Sab 3 ols arnt EO aid sce ereede 49 18 
7 | sane keel | ete ee 63.5 38 10 
2 es ae tere ate Rane aS 70.0 — 44 9 
19 77.0 30 6 
20 83.5 ORS We? Ad es 
se iG eh aed PERE RG a ea te 8 90.5 Ta ee abe, 
Dire line eeiee aie | Saipan este eee eee 98.0 LG) Seek eS 2 
Denice tgeorae te | Gece eoetel Ronen ees 105.0 1 IE) ee ean eps 
DA ee Pae be ois | ee crerate ictal ate eS 114.0 De eens 
Ps th ara eee | fee ee is S| FARA Se Te oe SA 123.0 DActe | Vote Se See 
po Yeged Pavan Opens be SE lf Wales pla jh a od eadbat Dt  2 131.5 et cl eme dee cee 
Dil are: Vers ia sete eo ne ate [Caer Ree Ree Eee 140.0 opr | Mie aie Sie 
QBh para Slaves Sa bearers late Bstell svete rs ieee key tems nee 148.5 Ses Se Se labs 
1,226 893 


1 Values within the black lines are a combination of old-growth and second-growth measurements which 
worked up separately gave practically identical results. 


NotTe.—Stumps varying from 3 foot to 1} feet high and tops above 4 inches outside bark excluded from 
volume. 

Bark=11 per cent of volume given. 

Data collected by Louis Margolin in 1906. 


THE RED SPRUCE. . 81 
TABLE 40.—Cubic-fodt volume of red spruce in New Vork. 
[CURVED.] 
Total height of tree—feet. i 
Diameter 
breast 30 40 50 | 60 | 70 | 80 
high. a : | 
Merchantable eae vachidine bark—cubic feet. 
Inches. 
(aes 3.6 4.5 5.4 G.'SF cilihs eee eR ees eel ee as ee 
Ti OES 4.8 6.0 7. 2 [oR ie See tS ET ee ae 
Se aaa 6. 2 7.8 9.3 10.9 RANI eis ate LN Ee a ee 
Cee at HONG 11.6 13.5 LON Dye neteeraeite ot meleyesic sis 
OM arse 9.5 12.0 14.3 16.8 19, 2 Zils Oo (Missi gare 
lpiteremrer ste arsenic so 34.4 17.2 20, 0 23.0 AO Ors TRE ae tae 
Mest sec Plas, tye 20.5 24.0 27.5 31.0 | 
SUS eerste inc Es 19.9 23.5 27.5 32.0 36. 0 
12s Cae etal peter eens 23.0 21.5 32.0 37.0 41.5 
enews gins in Aho Sa SS 31.5 37.0 42.0 47.5 
We ees ha SA) FS BS el (So 35. 3. 41.5 48.0 54.0 
[+P Tie eee Fe are Wes ay eae 49.0 47.0 54.0 61.0 
Spree tee Wins Ce es a a 44.5 52.0 60.0 68.0 
.0 67.0 75.0 
0 74.0 83.0 
} 6 81.0 §2.06 
0 89.0 101.0 
. 97.0 110, 6 
106.0 119.0 
byes ed | 114.0 120. 6 
124.0 140.0 


Stump height, 1 foot; top diameter outside bark, 4.5inches. Based on taper curves. 
Based in part ‘on measurements taken under the direction of the Superintendent of State Forests, New 
York, in Essex and Herkimer Counties, 1912. 


TasLe 41.—Cubic-foot volume of red spruce in West Virginia. 


[CURVED.] 
Is Height of tree—feet. 
i Diameter | | | | 
breast 50 | 60 70 89 | 90 100 | 110 Basis. 
high. ! | 
} Merchantable \ olume, including bark—cubic feet 
Inches. | | Trees 
Banc se Rs IESG odie ame Pega 2 oo HBS a Ea 0S Ie oD (SO uaa LDA Rea He, Nea 
Sy een Naas eet ba keel ge a ra pC ey PCL SO ny |e 1 
TOPO: AB co Rael ET OR eeaeaees ees al Sree wan: 2 
SHOns ee a ee IES aa ae gael A a er) I aL Tae 10 | 
16.0 18.5 | JORGE Nake ennte || antonella | is as 19 
5 22.5 PARE eel RE Va OES ya CR NE 49 | 
5 26.5 29,5 SG od REC Pentie Melts 33 
5 31.0 34.5 DONO Mas waa | Bake BON 49 
0 36.0 40.0 44.5 PT Nall Pn eee eae 38 
5 41,5 45.5 51.0 BGHOUAIA Nae We te 1 29 
51 40 | 52.0 58.5 64.0 69.5 31 
52.5 58.5 66. G 72.5 78.5 23 
2G 3.0 81.0 88.0 24 
3.0 90.0 $8.0 16 
.0 160. 0 108. 5 22 
5 110. 5 120.0 18 
, 121.5 132.0 i8 
132.5 144.5 15 
144.0 157.5 6 
156.5 171.0 8 
169. 0 185.5 4 
i820 | 200.5 5 
195.0 216. 0 6 
209. 0 232. 0 3 
223.0 249. 0 1 
237.5 265. 5 2 
252.5 Z2RSN Raa cota 
288. 5 302. 0 i 
234.5 BBO) | Secanae 
417 | 


Based on taper curves. Stump height, i feot: diameter outside bark of tap, 4.5 inches. 
Data collected by John Foley in Greenbrier Cou nity in 1903. 
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TABLE 42.—Cordwood volume of red spruce (old-field) in New Hampshire, bark included. 


[CURVED.] 


Height of tree—Ieet. 
Diameter 
breast 40 } 
high, 
Inches. 
6 0. 028 
7 - 048 
8 070 
| 9 . 093 Bir Bit 0.155 
10 115 ~137 . 160 185 
TT gl Semele 164 190 217 
12) Ae ee ~192 220 250 
13. SIE aos Sane pera cae 252 282 
1A WEE See He aes i (Pe ied) eee 
PE AGI RSET SNe Scene ae ey aang 348 
T6RaeS ee IES Saas ioe e348 381 
07 EES ee ee | 380 414 
BLS iI c ae teem cue en eee | 411 447 


1 Includes bark. 


4 Top dame eutside bark, 5inches. Based on 711 trees, measured by T. S. Woolsey, jr., in Grafton 
‘ounty 1m 1911. 
One cord of stacked wood equals 96 cubic feet of solid wood and bark. 


TaBLe 43.—Cordwood volume of red spruce (old-field) in New Hampshire, bark included. 


I é ms set 


Trees 40 feet high. Trees 50 feet high. 
Diameter Volume cutting Trees per cord, Volume cutting Trees per cord, 
| breast high. to— cutting to— to— cutting to— * 
6 inches. | 4 inches. | 6 inches. | 4 inehes. | 6 inches. | 4 inehes. | 6 inches. | 4 inches. 
Inches. | Cord. Cord. Cord. Cord. 
Gb feesse ees 0: 689-5. s2coere 256) ludessomes Oi OFS ili cidineemterd 22.2 
7 0.033 060 30.3 16.6 0.043 069 23. 2 14.5 
8. dlvep eevee leica eee tert oetee nee rere 071 093 44.1 10.7 
DO Were ecedlt eter eocalP eee eee eRICe en eL Cee 100 120 10.0 8.3 
LY We edn ceca ceca nese cr aa Nee ae kaise 2) 144 7.7 6.9 
WW: Neves pod A opehe baler mec eee lene nee -159 170 6.2 5.8 
Trees 60 feet high. Trees 70 feet high. 
6 eee ee CEOb2. tie xeee ee 1 Ap ae | ee RE oS moc omen eM ae 
7 0.051 083 19.6 i 7 A | PIII AE a A no ye 5 lO SIE 
8 - 088 112 11.3 (A) Rr A orig) ol Stach Ste irs| a arts 95 eee 
9 ~120 139 8.3 7.2 0.150 0. 162 6.6 6.1 
10 - 150 168 6.6 5.9 1 - 193 5.5 5.2 
il 179 199 5.6 5.0 211 . 220 4.7 4.5 
| 12 -212 . 230 4.7 4.3 243 - 256: 4.1 3.9 
| 13 «245 . 263 4.1 3.8 - 266 . 289: 3.7 3.5 
14 ~279 . 294 3.5 3.4 -310° 322 3. 2 3.1 


| 


Basis, 711 trees measured by T. S. Woolsey, jr., in Grafton County in 1903, 
One cord of stacked wood equals 96. cubic feot'of solid wood and barir, 
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TasLE 44,—Cordwood volume of red spruce (old-field) in New Hampshire, bark excluded. 


Trees 40 feet high. Trees 50 feet high. 


Diameter Volume cutting Trees per cord, Volume cutting Trees per cord, 
breast high. to— eutting to— to— cutting to— 
6 inches. | 4 inches. | 6 inches. | 4 inches. | 6 inches. | 4 inches. | 6 inches. | 4 inches. 
Inches. 
6 25.0 
7 16.4 
8 12.3 
9 9.8 
10 8.9 
ii 6.6 
NS ore Sete O804i aes 21.3 hen Die Sis Re Or tae ae 
7 0,046 074 Dalat DOES Wall eor aie RST aeibs A se Pe Lone koa | eens 
8 077 100 12.9 TED es i a te ete net ail ee aes ae cpa eit ah Se 
9 -108 123 9.2 8.1 0.133 0.142 oe 7.0 
10 . 136 146 er 6.8 162 ATL 6.2 5.8 
11 161 173 6.2 5.7 190 -199 eee. 5.0 
12 186 199 5.3 5.0 218 . 229 4.5 4.3 
13 213 226 4.7 4.4 247 - 298 4.0 3.8 
14 243 255 4.1 3.5 277 . 239 3.6 3.4 


Basis, 711 trees measured by T. S. Woolsey, jr., in Grafton County in 1903. 
One cord of stacked wood equals 96 cuble feet of solid wood and bark, 


TAPER MEASUREMENTS. 


Changing economic conditions, due to invention, increasing demand, 
and decreasing supply, cause corresponding changes in logging prac- 
tice and mill utilization. it is essential that we have some means 
readily available by which volume and other tables may be revised 
or new ones made as these changes take place. Taper tables afford 
such a means by showing for each 10-foot height class and each 1-inch 
diameter class (breastheight diameter measured outside the bark), 
the diameter inside the bark at 1-foot intervals from the ground up to 
4.5 feet (breastheight), and at 8.15-foot intervals above a 1-foot 
stump height. The allowance of 0.15 of a foot at each 8-foot section 
is for loss in trimming at the mill. The taper tables (Tables 45 to 49) 
for each of the four States are all for “old-growth” spruce, except 
Table 46, which is for “second-growth”’ or “old-field”’ spruce. 


[CURVED.] 
74.35 |Basis. 


66.2 


| 


45.9 | 58.05 


m5 41.75 


25.45 


17.3 


40-FOOT TREES. 
Diameter inside bark—inches. 


Height above ground—feet. 


1 | 2 | 3 | 4.5 “os 
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Tasie 45.—Taper measurements (diameter inside bark) of red spruce in Maine. 
Diameter, 

breast 

high. 
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Tasip 45.—Taper measurements (diameter inside bark) of red spruce in Maine—Contd. 
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Data collected by R. S. Hosmer in Piscataquis County in 1902. 


BULLETIN 544, U. S. DEPARTMENT OF AGRICULTURE. 


86 


in New 


Tape 46,—Taper measurements (diameter inside bark) of red spruce (old-field) 
Hampshire. 
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TasLe 47,—Taper measurements (diameter inside bark) of red spruce (old-growth) in New 


[(CURVED.] ~ 


58,05 | 66.2 | Basis. 


Hampshire, 
Height above ground—feet. 


Diameter inside bark—inches. 


THE RED SPRUCH, 
30-FOOT TREES, 


Diameter 
breast 
high, 


ip Lh he wh mene 


<u le tie te Ae 


HAD LD SO P= B= 00 


i OS Ose Ome Gen Toe eethuat et pound 


Crt op oS Om pln W aepoe Cem ommona 
UU Gs i a ete diet 20 
Uo nea Geter” rood tmeT th ary 
CE OSS See SO er oN eat = 
Dat idea Tan Veet 0 Wyte Tena: 0 
Set eeYroth Th otk ote) Patten in teen 


CNV OD OD OD GYD SH SH SHY SH AD AD 1 2 0 CO CO CO 


OV ON N09 09 SH SD 19 19 6 OE 


SHmh HON MOSMOO 
Tp Sr Mr aogaascain 
ase 


eH OOMOMMNOCM- WH 


FHSSMOBRBSOUAA SS 
ress 


COP 20 OD OD 


Breer aie cal scaice eho. 


Uo LA Lape ORL ST 


- 40-FOOT TREES. 


CY rt Ga © SH OD re1 © 00 O19 oD 
WESrOBSANA CS ais 
See oe ee Me Dh 


REDE LOD SH SH SH SHH CVD CD 1 CY OT 
IDOI CS rod HIG OR 
So to hs Bh Ee 


RE OOM RONAN COED OD <H 
DON OBA Hd SN 
reste eS rst rr 


SHAM HID OM ORS 
CrOGSHAMHABCK HO 
Senses 


LN OAHAMHOK ROM ~ 


SCMAOARMAAAISSHES 
nan 


ie fn ah ee aL mate Peery Come WO 


50-FOOT TREES. 


FID S19 SH tH COM. CO CD OO COONS 
FAIA G GOSH NADRASSHG 
Sener 


OAOAHODHE HOR MOONE 
TDG CME AAASHA Aco HS 
Tet Ss st St Ss ret rsd 


DOHNORAHONANAOMO 
AiG OH DSHASSHAM OH wd SS 
be Aes Br sO Oe ef 


SHO A Od 00 O19 6D HO OE 10 09 1 S00 
19 OI OAS Hi 09 Tid SI 06 0d 
reteset st St rs set 


19 19) 19 SH SH SH SH St CD CFD OD CD OLE OI tt 
ID OrMORSIAMH GSM OBS 
rs Seat St Sr NN 


De 00 00 C2 Ot 4 NY 09 019 0 SH SH SH SH SH 
IDOMORBHAMAISGSrMARSHIA 
BAAS SAAT ANANN 


Or HIN OM OM OrmM AAO StH 


GrARBSHAMAISGrHASHAD 
SSS MAAN AA 


LQ) B= 00 Od ri OD SB COD DOr OD OD SHIDO 
OMHDOHAAND A ASKHSSrINGH 
ARAN ASM NNNANN 


4 


44, U. S. DEPARTMENT OF AGRICULTURE, 


~ 
vo 


BULLETIN 


88 


Taste 47.—Taper measurements (diamter inside bark) of red spruce (old-growth) in New 
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TabLy 48.— Taper measurements (diameter inside bark) of red spruce in New York—Contd. 


AMI OU AHO MOM AM~M HOW ON 


Br eB oe 


HONDONOHHE HH MOOMOO 
WBN AKBASHAN Me BidwWenn 
rir retest et rst rte 


WMASCHAHOOANDOSBOMmHHMmION 


WN paren ewe Cie Ne jee ere een y= Le 


Te ed et at rs 


DMmMIASMINSMINNOM Wei oco 


a ee IE CC HORE a Pe te EL es eg pec we ee 


Se ree Bn OO Oe Oe oe Be Dh 


OD) rt S00 109 019 OI OD CO 1) 01) © 09 19 0 1D 
RASIHS ANG GT iG Se OAGS Si 
Ser Oe Oo Me te Oo Bo et oS TO | 


INGHAM ONANHOOODOOMM- OD 


DDDHBOMAHONDOMMDOMOR 
BASHA SOASSKASHAB BOE OHH 
aaa 

DE OO A OH ODES rt 1 OD HO OY 
SGSHAANMSSMASHAA EH SHSAN 
St St NNN ONIN NO 


ae es se Guts tht), a ene Aloe Geet 


80-FOOT TREES. 


DD 19 OF OV OD De 29 019 et OD De SC 1 OD 


HMOANANAOOCOMOODY™ OO 


00 GS A AY tt) BS CO © 8929) CO © 1 CO OD 


PE RP a ee isk ee ee ee Noe ie ee ae 


PADOMAMONGD HN O1dg 00 
ASH HSSSKKHHSASSSSAG 
Bs Oh oe I oe oe 


DADANHOMO HON MO KOOAD 
WESHMHASHSSS Hrinosed ts 
Be eB on Do on Dn 


I 0D DO 0 O10 41 00 SH SH HO 


Se Dt Do Dh 


SH OO O00 OP Hr COIN NA DON re 


Se et fn Bo Oo oe Dh oa 


DS H19 0%) © CO 19 6) G> CO SH CY OD De St eH 


Epp Cin ee ete gee rey yer eed Mad nt mak nek ee 


CUE OM eek e Rial y elven par, ere tg trl lea pe AE) 


BGISHAG BAO MAGDS ae 
TAS SSN 


AV 69 09 HD 6 6 DP CO GO NN SH COCO 


ODA HI OOD ei HOON 


ido daSriciswsHsia 
tr OR NNN NON NOD OD 


THE RED SPRUCE, 91 


TasLE 48.—Taper measurements (diameter inside bark) of red sprucein New York—Contd. 
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20...| 24.1 | 22.3 | 20.9 | 18.9 | 17.2] 16.5] 15.8 | 14.9 | 13.7}12.3] 10.6] 8.5] 6.0].....- 8 
M"...| 25.5 | 23.5 | 22.0 | 19.8 | 18.0] 17.3 | 16.6 | 15.6 | 14.4] 12.9111.2] 9.0] 6.4 ]___... 5 
92. __| 26.9 | 24.8 | 23.1 | 20.8 | 18.8 | 18.2] 17-3 | 16.3 | 15.1 | 13.6] 11.71 9:4] 6.7 |._._.. 13 
93__.| 28.4 | 26.0 | 24.2 | 21.7] 19.7 | 18.9] 18.1 | 17.1 | 15.9 | 14.2]12.3] 9.9] 7.0 ].___.- 2 
24__.| 29.8 | 27.3 | 25.4 | 22.7 | 20.5 | 19.8) 18.9] 17:8] 16.5 | 14.8] 12.8] 10.4] 7.4 ].__... 1 
pedal 21) 28u 6) 2616: 23) 6| Ot 4a | 2085, W1OnA | USLG Wea Daletsena | toeAnle MONS 77 Wa Wi 
een Sona 20001 O72 8 | 94.61) 22.2 | 21. 4) 19084) 19F3) | S60!) Test P1869) 1. 35) SiO ice ons 
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100-FOOT TREES. 

Aen Gell ta (ese 4 | 3N Oh 1S) atk 8) | dal. Sal dOn7 bY ON SA SUFI WAG le GES 48) Sle ak: 
ela Towds | Aes |e Sw | 26h) 12a | Wea 1049. 4nl soi 6.95] Bes | g27 [Lal 
DG 18h) VSN 166 | 15) 1) || 13.9 | 13) 45 | 12)8 | 12:2 | 119 400) 8s) 4) 5s) “aa illo. 
17...) 20.0 | 18.7 | 17.6 | 16.0 | 14.7 | 14.2] 13.6] 12.81 11.9] 10.8) 9.5] 80] 63] 44] 12 
18__.| 21.3 | 19.8 | 18.7 | 17.0] 15.5 | 15.0 | 14.3 | 13.6] 12.7] 11.5|10.3] 8.6] 6.8] 47] 2 
19_..| 22.7 | 21.0] 19.8 | 18.0 | 16.4 | 15.8] 15.1 | 14.4] 13.4] 12.2] 10.9] 9.2] 7.3] 5.1] 1 
20...| 24.1 | 22.3 | 20.9] 18.9 | 17.2 | 16.6 | 15.9 | 15.1] 14.1]12.9/] 11.5] 9.8] 7.8] 5.6] 2 
21_..| 25.5 | 23.5 | 22.01 19.8 | 18.1 | 17.4 | 16.7] 15.9 | 14.8 | 13.6} 12.2] 10.4} 83) 5.9]....-. 
22__.| 26.9 | 24.8 | 23.1 | 20.8] 19.0] 18.3 | 17.5 | 16.7] 15.6 | 14.3 | 12.3|/10.9] 38] 63]..--.. 
23...| 28.4 | 26.0 | 24.2 | 21.7 | 19.9 | 19.1 | 18.3 | 17.41 16.31 75.0) 13.5/116| 931 67) 1 
24___| 29.8 |°27.3 | 25.4 | 22.7] 20.8 | 20.0 | 19.1 | 18.2] 17.1 | 15.8] 14.2)12.2) 98] 7.1] 1 
25...) 31.2 | 28.6 | 26.6 | 23.6 | 21.7 | 20.8 | 19.9] 18.91 17.8! 16.4] 14.9]12.9]10.4] 7.5] 1 
26...| 32.7 | 29.9 | 27.8 | 24.6 | 22.6 | 21.6 | 20.7 | 19.7 | 18.5 | 17.2] 15.61 13.4 ]10.8] 7.91 2 

10 


Data coliected in part under the supervision of the Superintendent of State Forests in Essex and Her- 
kimer Counties in 1912, 
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Height above ground—Feet. 
Diameter inside bark—Inches. 
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Data collected by Jonn Foley in Greenbrier County, 1903. 
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STAND TABLES. 


Tables 50 to 53 are all stand tables for the spruce slope type and 
serve as a rough basis for comparison between the four States within 
which the red spruce principally occurs. The principal associates are 
balsam, yellow birch, beech, hemlock, sugar maple, and red maple, 
with incidental arborvite, white pine, and numerous hardwoods. 
These vary much from one place to another. 


Tasie 50.—Stand of spruce and associates on spruce slope type in Maine—Average stand 
for 20 acres, culled} 


[{ Data collected by R. S. Hosmer in Squaw Mountain Township in 1902.] 


Diameter breast high. 


Number of trees per acre. 


GARG Wicca e 
pocies, 
Spruce. spon Total. 


Inches. 
SER eae SE DRA is Seana Masa BT 67.90 26. 55 94, 45 
PPS SUAS Eloy ae Pe CA ae ey a Ai eA a aN a 63. 65 27. 40 91. 05 
PS ie | apee gies Satie acct baie AR yas Ee i 8 47. 25 20. 40 67. 65 
AA Se OE Rea ae ne eee 31.05 13. 00 44, 05 
laa ep eeee Ae PRE Eee ooo MS BL on 20. 40 9. 25. 29. 65 
GE ee OR Sek ee See ae 16. 20 §. 95 235 
GS Be RR Ss 2 ee 12. 65 4.35 17. 00 
BE Sah US CRA Td he Oe es 9. 70 3. 85 13. 55 
OF! SBR OS hs See Se 5.75 2.49 8.15 
TOS, eSl8. ELIS ee SA BE 5.10 2.35 7.45 
de ees ge Se UE a eee te 2. 55 1.95 4.50 
j 7 Aes 2 pe ee 9 AR sem 9 BR |) ae CO NS SG 3. 05 1. 20 4,25 
6 A Se ed OE A i Oe | 15 -95 3. 10 
ph See: Be eet Pe 8 8 ee Ge 8 1.15 1.40 2. 55 
Ff appa eae ee (3 BRA a Sk TE Oe ah 1. 40 . 90 2.30 
VG ts 2 hs ae ee UB NE 1.35 . 65 2. 00. 
WGP A555. 1h OSE: We ES Te | . 85 .40 1, 25 
1 bot eva e) ook 6 § Ded eae ff Say SEE aE ABT ae Y | . 60 . 40 1. 09 
1D so. SELB BEI aE ek. Eee 70 . 40 1.10 
De ote LCR ee a Oe TN ee 30 40 .70 
DA AS UES IER ANE Sy oes ae oe puts: . 20 .35 
7 Re sd | 8 WM wai ee Sas WER 5 ap le} u38 - 50 
VA Re ie aha ae oh OB Seat Bh bee els is eS SAN f als .10 +20 
DATS sok lhe MEE SUE: ES er te - 05 won - 30 
pe aeRO UN MB ee Yea Me Oe NY Bid Ba eo BS 2 . 05 . 05 
Soe ee RO Sr ey A ie en GU Aa Oo Ag Cee lh 05 . 05 
DH i wadid de hhh Bodos oh ape ek NEA 8 SRP RT tre ete ote et eee 
| eee ASS Seer ae 6 Srp ais ee en oRege oe ie eS oles eas 
2D asa stererararsreretiaiatsidpelavs. ooh else PRS ROU ERE eE ne - 05 . 05 
Ua ae ener acters aMin eens er Siem Noa Ce) (6 [Die aoe - 05 . 05 
5 5 a mee ene cma a Pn Pe aA Le Py OY SOE ee aa notecOsysaccaceds 
D2 inom ois obisiors os oeceins Some e sense hee aoe .05 -05 
Borah aot ty Bob) ee ae Rae 294, 25 126. 30 420. 55 
. Trees 10inches and over........-.... 19. 70 opal 31. 85 
Trees 12inches and over...........- 12. 05 7, 85 19. 90 
Sq. fi. Sq. fi. Sq.ft. | Per cent. 
Total Basaliarea.. 3/5. 2S et 41.5 23.6 - 65.1 36 
Trees 10 inches and over...........-. 19.5 14.5 34.0 43, 
Trees 12 inches and over............- 15.0 11.9 26.9 44 


1 Culled 30 years before, removing trees with a total basal area of 4.2 square feet; culled 5 years before 
removing trees with a total basal area of 33.3 square feet; culled 1 year before, removing trees with a total 
basal area of 16.5 square feet, 


TasiE 51.—Stand of spruce and associates on spruce slope type in New Hampshire— 


THE RED SPRUCE, 


Average stand for 65 acres. . 
[Data collected by A. K. Chittendenin Waterville Township in 1903.] 


Diameter breast high. 


UE Foy Fa Aa ge CN a HAC ee ee 
Brees 10inches and over...........- 
Frees 12inches and over.........._- 


Rota basalareg si. 2s se eae | 


Trees 10 inches and over............. 


Trees 12 inches and over..........-.-| 


Number of trees per acre. 


, Other 
Spruce. species. Total 
22. 20 19. 96 42.1 
45. 51 12. 01 27. 52 
14, 28 12.08 26. 36 
12. 94 10. 59 23. 53 
il. 20 8. 21 19. 41 
10. 48 6. 76 17. 24 
10. 45 6. 83 17. 28 
Ti. 14 5. 18 16. 32 
il. 03 5. 39 16. 42 
10. 29 3}, BY 13. 86 
10. 38 3. 08 13. 46 
9.12 2. 64 11. 76 
9, 22 2. 44 11. 66 
a 5e) 1.91 9. 43 
7.89 1, 62 9. 51 
5. 80 1.21 7. 01 
5. 12 Siyalds 6. 23 
3. 40 . 90 4.3) 
2.48 - 95 3. 43. 
2. 34 . 84 3.18 
1.18 . 66 1.34 
. 68 Bo . 99 
45 . 28 aide 
.29 -18 47 
ill - 23 ~ 34 
Als) wl 27 
09 - 04 13 
as ee 05 . 05 
ies . 05 2 95 
EAN Neg) ud ae . 02 . 02 
Bee SaaS >02 . 02 
ps ape ee . 02 - 02 
cet: SESS . G2 02 
i — 
195.74 | 109. 28 | 305. 02 
87. 54 27. 86 45. 26 
66. 22 18. 79 84, 92, 
Sq.ft Saft Sq. ft 
122.4 45.3 167.4 
104. 2 ai3)\7 137.9 
91.4 28,4 119.3 
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Taste 52.—Siand of spruce and associates on spruce slope type in New York—Average 
stand for 37 acres. 


[Data collected by R. S. Hosmer in Township 40, Hamilton County, in 1900.] 


Number of trees per acre. 


eee Bere Se Other 
Diameter breast high. Hite species 
Spruce. species. Total 
Inches. Per cent. 

Laer Se era Stare ree oy ae ES I toes 12.35 0. 95 13. 30 1; 

G3 SO SS Sue Oe Utne ee emee aoe 9.55 .46 9. 81 5 

Monciars asp Suis bee Mak meh ace ase eae 7. 86 - 22 8.08 3 

a Tee Sa Me OR or Bn ea ep k 6.57 14 6. 71 2 

Qo ah a ORE ED ae cee San ea 6. 24 - 22 6. 46 3 

EG se Sie ee 2 le eats co RS rh 5. 05 -e2 5.37 6 

Boia te Fel RR LEE Oe Se ACE le ie ees 4,57 .19 4.76 4 

AE SRE RAN RCP AS SRE IRS eS Pe Oa e TS 2. 81 2. 23 6. 04 37 

DBR ha SAW oe Wycelre Pe See Heres 3.41 1.53 4, 94 31 
Te es SO ek BL eet gears aos nS S45 1.92 5. 27 3 

Poses tes sotowc ein eetaiete me aan eo ereias 2.22 1.61 3. 83 42 

1 seats Apap omnia ee bias AEM i 2. 03 1. 46 3. 49 42 

Wi iced ae ape ke eee eae fo es 1.65 1, 20 2. 85 42 

1: x ayo a SaaS eA Ems cept te ee La 1.19 1.65 2. 24 47 

TU OS eek RN Rl Se It . 84 1:08' |) ele 87 55 

87 1.57 55 

89 4. 21 74 

- 59 -78 75 

70 .78 90 

54) . 62 87 

3 - AL $3 

41 41 100 

. 21 + 26 81 

-16 -16 100 

“2 2m 100 

- 05 - 05 100 

- 03 - 03 100 

- 03 - 03 100 

- 03 - 03 100 

- 03 - 03 100 

Motel’ Sk ee es coe 71. 94 19.67 | 91.61 21 

Trees 10 inches and over...........- 29. 57 17. 68 47. 25 37 

Trees 12 inches and cver...........- 19. 95 17.17 37. 12 46 

Sq. fl. Sq. ft. Sq. fi. | Per cent. 
Totalspasalvanen kee acre se cman ie 41.6 31.3 72.9 43 
Trees 10 inches and over............- 31.0 30.9 61.9 50 


Trees 12 inches and over............. 2an2 30.6 55.8 55 
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Taste 53,—Stand of spruce and associates on spruce slope type in West Virginia—Avere 
age stand for 100 acres. 


[Data collected by John Foley in Greenbrier County in 1902] 


| 
| Number of trees per acre. 
OF oa at ee a ares EO a ae Other 
Diameter breast high. ee species. 
Spruce. species. Total. 
Sa ee py a Hie . eo 
Inches. Per cent. 
Bee CCE aE Cee Ee eee Eee 17. 65 11. 06 28. 11 3 
Sey rea) Pasay Oh aire Nie Sela Siw care See 18. 92 12.19 31.11 39 
Oe oa iwiniiaininve eisieeressionnee 20. 44 10. 95 31.39 35 
cog ees C ES Soe See ere 14. 01 8. 22 22. 23 37 
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OBJECT OF THE STUDY. 


Although practically all types of grazing lands support a variety 
of plant species, only a certain proportion of the grasses and of the 
other plants are important from a grazing standpoint. Some species, 
owing to their wide distribution and abundance, as well as to the 
relish with which they are cropped, are valuable forage plants; 
others because of certain chemical contents either during the entire 
season or at some period of it are poisonous, and therefore seriously 
objectionable on the range; while still others, either through some 
peculiar physical structure or because they contain a superabundance 
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of tannic acid, which renders them unpalatable are of little or no 
value for forage.' 

In order to gain an intimate knowledge of the habits, requirements, 
and life history of the more important species, a study was initiated 
in 1907 by the Forest Service, in cooperation with the Bureau of 
Plant Industry, upon the Wallowa National Forest in northeastern 
Oregon. Data on the relative palatability of the different forage 
plants were gathered by following bands of sheep and observing 
their choice of feed as they grazed. Afterwards the relative value 
of the individual range plants was determined by studying (1) their 
abundance, distribution, time of flower-stalk production, aggressive- 
ness, reproduction (both vegetatively and by seed), and seed habits; 
and (2) their palatability and nutritiousness at various times during 
the grazing season and their ability to withstand trampling. The 
plan of study and the methods used are fully described at the end of 
the bulletin. 

While the results of the study are largely based upon observations 
in the high mountains in Oregon between elevations of 5,500 and 
8,000 feet, they should nevertheless be helpful to stockmen through- 
out the West in revegetating the range, since many of the species 
described are widely distributed, and the genera represented are 
among those of first importance on most of the natural range lands of 
the West. 

A photograph of each important species in natural size accom- 
panies its description, but where the general characters of two or 
more species of the same genus are similar, a single photograph is 
used. With the exception of Plate XX XVIII all specimens selected 
for photographic purposes were either in flower or fruit, or both, 
and care was taken to show the general character of the root sys- 
tem, habit of growth, and external structure. Not only will these 
photographs make possible, in practically every instance, the recog- 
nition of the same species when met with in the field, but also other 
species of the same genus will be recognized as congeneric, although 
the specific name may not be known to the opienee 


CHARACTER OF THE RANGE AND FORAGE STUDIED. 


Between the lower and higher grazing lands of the mountains of 
northeastern Oregon is a difference in elevation of about 7,000 feet. 
Along with this wide altitudinal variation go widely different growth 
conditions. Thus, according to the character of the vegetation, 
the lands studied may be classified into four zones.? 

1 The results of naturalrevegetation studies based upon observation of the plants described in this bulle- 
tin are presented by the writerin U.S. Dept. Agr. Bul. 34, ‘‘Range Improvement by Deferred and Rotation 
Grazing,’’ 1913, and in the Journal of Agricultural Research, Vol. III, No. 2, “ Natural Revegetation of 
Range Lands Based upon Growth Requirements and Life History of the Vegetation,” 1914. 


2 Merriam, C. Hart, ‘‘Life Zones and Crop Zones of the United States,” U. S. Dept. of Agriculture, 
Biological Survey Bul. No. 10, 1898. 
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GENERAL MORPHOLOGY OF GRASSES. 


. Rhizome or rootstock. 
. Shoot from rootstock. 


Sheath. 


. Blade. 

. Culm. 

. Spikelike panicle of timothy. 
. Open panicle of bromegrass. 

. Glumes or scales— 


First glume. 
Second glume. 


(23 


. Florets. 
. Natural size of complete brome spikelet. 


Plants one-third natural size. 


PLATE II. 


IMPORTANT RANGE PLANTS. 3 


1. A Transition zone or yellow-pine association occupying the 
country between 3,000 and 4,500 feet elevation. 

2. A Canadian zone or lodgepole-pine association between 4,500 
and 6,800 feet elevation. 

3. A Hudsonian zone or white-bark pine association between 
6,500 and 8,500 feet elevation. 

4, An Arctic-alpmne zone or aipine-meadow association from 
8,000 feet elevation up. 

Owing to the wide difference in the physical conditions in these 
zones, numerous rather distinct range types occur. The time 
during which each is grazed varies according to the location. 

The Transition zone (yellow-pine association), owing to the open 
character of the tree stand, supports a rather dense grass cover. 
Big bunchgrass (Agropyron spicatum) occurs in pure stands on the 
less elevated lands, and pine grass (Calamagrostis suksdorfir), blue 
bunchgrass (Festuca idahoensis), little bluegrass (Poa sandbergir), and 
mountain June grass (Koeleria cristata), named in the order of their 
importance, are the most valuable species at somewhat higher 
elevations. The majority of the important species are herbaceous. 
This zone is among the first to be grazed in the spring, the lower 
lands usually supporting stock early in March. By June 1 the forage 
in the higher adjoining lands is preferred because of its greater 
succulence. 

The Canadian zone (lodgepole-pine association) is more densely 
forested than the others. Also the forage, instead of being herbace- 
ous, is mainly shrubby or of the ‘‘chaparral” type. The most im- 
portant browse plants in this zone are fire willow (Salix nuttallw), 
black elder (Sambucus melanocarpa), high huckleberry (Vaccinwum 
membranaceum), and wax currant (Ribes cereum). Since the physical 
conditions in the Canadian zone are intermediate between those of 
the Transition zone below and the Hudsonian zone above, few plants 
are: wholly confined to this region, and many of the species of the 
transition zone are encountered here. The grazing period in the 
Canadian zone comes approximately between May 15 and July 15. 

The Hudsonian zone (white-bark pine association) is characterized 
by scattered small clumps of woodland and a preponderance of 
grassland. The most important forage species are mountain bunch- 
grass (Hestuca viridula), onion grass (Melica bella), porcupine grass 
(Stipa occidentalis), wild celery (Ligusticum oreganum), and butter- 
weed (Senecio triangularis). 

While this region is not suited for early grazing, because of the 
lateness of the growing season, it has as great an area and carries 
about as many stock as both of the lower zones together. It includes 
all the high summer sheep lands, except the few crests that are 
grazed above timber line. The grazing period begins approximately 
July 15 and continues through August and September. 
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The Arctic-alpme zone (alpime-meadow association), owing to its 
small carrying capacity and inaccessibility, has little or no value for 
grazing, and the character of its vegetation need not be discussed. 

On the Wallowa National Forest the vegetation which furnishes 
the greater part of the forage is distinctly herbaceous. It consists 
primarily of grasses, sedges, and rushes, with a fair representation 
of nongrasslike species commonly termed ‘‘weeds.’” While the 
species are numerous, about 50 furnish virtually all of the range forage. 


GENERAL MORPHOLOGY OF GRASSES. 


In the discussion of the individual species it will be necessary to 
refer to specific characters in a general way as a means of distin- 
guishing one species from another. It is essential, therefore, that 
the reader have a clear conception of what a true grass is. The 
stems or culms are usually hollow except at the joints (nodes). 
The leaves consist of two parts, the sheath, which surrounds the culm 
usually like a split tube, and the blade. The minute flowers are 
arranged in spikelets consisting of a shortened axis (the rachilla) and 
from two to many 2-ranked scales, the lower two of which (the 
glumes) are empty, while each of the others (the lemmas) bears in 
its axil a flower inclosed in a 2-nerved scale (the palea). Lemma, 
palea, and flower, together, are termed the floret. The spikelets may 
be sessile (without a footstalk) along a jointed axis (the rachis), as 
in wheat and rye, the whole constituting a spike, or on little stems 
(pedicels) and arranged in panicles, as in mountam bunchgrasss and 
smooth bromegrass. The head of timothy is a panicle with the 
branches and pedicels greatly shortened. This is called a spikelike 
panicle. Sometimes the lemmas or the glumes bear bristlelike 
appendages termed awns. The ‘‘beard”’ of barley consists of awns. 

Plate II has been prepared to illustrate characters which will fre- 
quently be alluded to in the following discussion. In this illustration 
cultivated timothy (Phlewm pratense) and smooth bromegrass 
(Bromus inermis) are used because they are well known to stockmen 
and because they represent the morphology of two distinct and 
important tribes of grasses. 

IMPORTANT SPECIES. 
GRASSES. 

The grass family (Poaceae) contains about 3,500 known species. 
They vary in size from small, mosslike individuals in the extreme 
Polar regions to treelike growths of a hundred feet or more in the 
Tropics. As a whole, no family of plants enjoys a wider distribu- 
tion or grows in a greater variety of soils, and no other family 
is as important economically. From a grazing viewpoint the 
grasses are more valuable, all localities considered, than all other 
plants put together. 

The general taxonomic characters of grasses are shown in Plate II. 


Bul. 545, U. S. Dept. of Agriculture. PLATE III. 


MOUNTAIN BUNCH GRASS (FESTUCA VIRIDULA). 


The specimen shown is in process of fertilization. A, glumes; B, lemma; C, palea; D, the caryopsis or 
grain. 
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PORCUPINE GRASS OR NEEDLE GRASS (STIPA OCCIDENTALIS). 


The seedling shown is of about the average size attained at the end of the growing season. 


A. 


A. 


one 


A. 


A. 


228 
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Key To THE TRIBES AND GENERA. 


KEY TO THE TRIBES. 


Spikelets upon pedicels in open or spikelike panicles, not in rows. 
B. Spikelets with but 1 perfect flower (the rachilla prolonged behind the palea as 
aipristile im: Calamagrosiis and Cinna) ..2-..-.-.2-2-5.--2 Tribe Agrostideae. 
B. Spikelets with 2 or more perfect flowers. 
C. Glumes usually longer than the first floret; florets with bent awn on the back 


(excep RIM OMG CHO) so eo'5 2.0.22) eee ee a sae Tribe Aveneae. 
©. Glumes much shorter than the first floret, unawned or with a straight awn 
IW i) VS OSD. yw la ci le Tribe Festuceae. 


. Spikelets sessile, in opposite rows along a zigzag jointed rachis forming a spike; 


leaf blades bearing a pair of earlike appendages at the base-.-.-- Tribe Hordeae. 


KEY TO THE GENERA. 


Agrostideae. 


. Lemmas hardened, having a needlelike point at base and a long, usually twice 


emieny Malet bessUmmmMnGee ss 28: a. oJ Loe Re gs es Genus Stipa. 
Lemmas thin and delicate, not needle-pointed at base, awnless or with a minute 
awn from the back. 
B. Spikelets in a dense spikelike head; glumes abruptly awn-tipped. 
Genus Phleum. 
B. Spikelets in open or narrow panicles; glumes not awn tipped. 
C. Floret raised on a little stalk; spikelets in a large nodding panicle. 
Genus Cinna. 
C. Floret sessile. 
D. Floret bearing at base copious white hairs sometimes as long as the 


lemma; rachilla extended behind the palea..... Genus Calamagrostis. 

D. Floret naked or nearly so; rachilla not extended behind the palea, the 

Hnitcr oftemawanting-.. 2.22 1 5in suas ae see Genus Agrostis. 
Aveneae. 


Lemmas awned. 
B. Panicles open; lemmas convex, irregularly toothed or 2-lobed, awns arising 


ion pelow, une mice e020 00 ee a Genus Deschampsia. 
B. Panicles narrow or spikelike; lemmas keeled, 2-toothed, the awn arising from 
BN KOS Tae) TaN KO CEE aoe mi ee Ll age Genus Trisetum. 


Lemmas not awned, panicles spikelike, culms pubescent below panicle. 
Genus Koeleria. 


Festuceae. 


Spikelets with upper florets usually sterile, broad and folding about each other, 
forming a club-shaped mass; glumes shining; lemmas papery, scarious margined. 
Genus Melica. 
Spikelets with upper florets not unlike lower ones in shape, but often reduced in 
size. 
B. Spikelets not over 5 mm. (4 of an inch) long; not awned. 
C. Lemmas keeled, acute, the nerves not prominent..............- Genus Poa. 
C. Lemmas convex, obtuse, the nerves prominent...-....- Genus Panicularia. 
B. Spikelets 1 cm. (2 of an inch) or more long, awned or awn-pointed. 
D. Lemmas 2-toothed, usually awned just below the apex. -.Genus Bromus. 
D. Lemmas entire, usually awned from the tip.....-..-..--- Genus Festuca. 
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Flordeac. 


A. Spikelets solitary at each joint of the rachis........--..-.--...--- Genus Agropyron. 
A. Spikelets 2 or more at each joint of the rachis. 
B. Rachis continuous, awns erect, not over 2 cm. (¢ of an inch) long. 
Genus Elymus. 
B. Rachis readily separated into joints, awns spreading, 4 cm. (1% inches) or more 
long Sheet ied. eee eg Lee eee Genus Sitanion. 


Mountain Buncu GRASS. 
(Festuca viridula. ) 


The genus Festuca is well represented in the United States, about 
30 native species being recognized.t. Most of them are abundant in 
the regions to which they are adapted, though three species have 
been collected but once, two others but twice, and another species, 
F’. ragescens, has been found but once in North America. 

Several North American species of Festuca are of great value for 
forage and hay. Among these, mountain bunch grass, while not as 
widely distributed as some others, for example, blue bunch grass 
(F. idahoensis), is nevertheless the most valuable for grazing pur- 
poses because of its greater palatability and nutritiousness. Next 
in forage value are blue bunch grass (F. idahoensis) and red fescue 
(F. rubra), of the West, and F’. aliaica, an important range plant in 
Alaska. A number of the annuals are valuable for grazing purposes 
in the semiarid regions, especially in the foothill areas of the South- 
west, where the seed germinates late in the fall and growth contin- 
ues through the winter. Under such conditions they often furnish 
a first-class palatable forage at a time when nothing else is available. 

While mountain bunch grass is usually abundant in the localities 
in which it occurs, it has not a very wide distribution. Its natural 
home is in the Hudsonian zone, where it occurs from the lower to 
the higher limits, reaching well up to timber line. Wherever found 
in the United States it is closely restricted to the higher elevations. 
On the Wallowa National Forest in northeastern Oregon, it is seldom 
found below 6,500 feet. Of all the specimens examined in the Na- 
tional Herbarium the lowest altitude reported was 5,000 feet. 

While stockmen usually recognize the species when they see it, 
and appreciate its forage value, it is sometimes confused with other 
grasses, perhaps most commonly with blue bunch grass (’.idahoensis) - 
The latter, however, is distinctly a plant of the Transition zone and 
is seldom found where mountain bunch grass abounds. The rather 
prominent awns and the ‘‘bloom”’ on the leaves, which gives the 
characteristic bluish tinge, readily distinguish blue bunch grass from 
F. viridula. 


1 Piper, Contr. U. S. Nat. Herb., Vol. 10, p. 1, 1906. 


PLATE V. 


LITTLE NEEDLE GRASS (STIPA MINOR). 


F-5G 
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MOUNTAIN TIMOTHY (PHLEUM ALPINUM). 


IMPORTANT RANGE PLANTS. fi 


Mountain bunch grass (Plate III) forms densely tufted hummocks 
or bunches. It has coarse, deep, and spreading perennial roots; 
erect, slender, and smooth culms from 1 to 2 feet high, slightly 
thickened at the base; a preponderance of rather long inwardly rolled 
(involute), smooth or somewhat rough basal leaves; and open semi- 
nodding panicles, composed of rather compressed spikelets, often of 
a dark purple color, bearing 3 to 6 florets. 

As indicated by its usual habitat, mountain bunch grass stands 
near the head of the list in drought-resistant qualities. Well estab- 
lished plants subjected to the gradual drying process began wilting 
excessively when the water content was reduced to 9.5 per cent, and 
did not, as a rule, recover after the per cent of water dropped to 
7. Such a low amount of water about the main roots would be 
very unusual, of course, on the high range, but it shows the possi- 
bilities of mountain bunch grass in dry situations. 

Observations during 1907, 1908, and 1909 showed that the flower 
stalks were sent up from July 5 to August 20, July 10 to August 25, 
and July 3 to August 15 in the respective years. The seed crop for 
these seasons began to ripen as early as August 5, and by September 
5 practically the entire crop had matured. The seeds are dissemi- 
nated almost immediately upon reaching maturity. Flower-stalk 
production and seed maturity occur earlier upon coarser, less de- 
composed soils, where the soil water is readily reduced through evap- 
oration and where the temperature in the substratum is relatively 
high. 

Mountain bunch grass seed has a low viability. The average for 
all laboratory tests made during the three seasons was 12.2 per cent. 
Field tests in the natural habitat, with seed from the same source, 
gave a much higher percentage of germination. 

Upon the higher ranges mountain bunch grass is grazed ravenously 
by all classes of stock. It is most highly relished at the time of 
flower-stalk production, the entire aerial portion, including the succu- 
lent leaves and the flower stalks, often being removed at that time 
by asingle grazing. As the season advances, sheep discriminate be- 
tween the leaf blades and culms, and when the plant has matured its 
seeds the latter are rarely cropped. Ripening of the seed crop, how- 
ever, impairs the plant’s palatability and nutritiousness but little. 
As a rule, the leaf blades are not eaten so closely as earlier in the 
season, and the fibrous stems or seed stalks remain untouched. But 
little else of the forage is wasted. 

The nutritive value of mountain bunch grass is indicated in Table 1, 
which also presents an analysis of well cured timothy hay for com- 
parison. 


Si i i i i il i i a, 


8 BULLETIN 545, U. S. DEPARTMENT OF AGRICULTURE. 


TABLE 1.—Chemical analysis of mountain bunch grass and timothy hay. 


Protein Ether 


Material. (nitro- | extract prude 
gen). (fat). ue 
Mountain bunch grass: 
Matured plantics i so-ca kece See oo = eben a seas bb see ee eee ee Eee 13.18 2.83 22. 20 
Growine plant. .5 22 3.\- 2b ioe sec neni eos tacea cece ese Seen see eee 12, 24 3. 60 21.15 
Matured flowerstalks. 2.2.0 o42-e Se eee eee 4.18 1.30 38. 65 
Timothy hays: 22 2s yes ose esc ae sea ae eee nee ae eee eee 6.78 2.87 33. 40 


It will be seen that there is comparatively little difference in the 
nutritiousness of mountain bunch grass at the time the flower stalks 
are being produced and immediately after the seed crop has ripened. 
The greatest difference in the important constituents is found in the 
ether extract (fat), which is 27.21 per cent greater in the younger 
plants. This is partly offset by the fact that there is 7.68 per cent 
more protein (muscle making nutrients) in the matured plants. The 
latter also contain 4.96 per cent more crude fiber than the young 
plants, the most indigestible portion of the forage. In the matured 
flower stalks the protein (nitrogen) and the ether extract (fat) are 
very low, while the indigestible (crude fiber) material is very high. 
This fact explains in part why the flower stalks are not grazed at 
maturity. 

Investigations have shown that well-cured grasses yield as much 
nutriment as the same grasses when green.' There is this distinction, 
however, that ordinarily the cured forage is not as palatable as the 
green. But since about half of the basal leaf blades remain green 
until the end of the grazing season, the palatability and nutritive 
qualities of mountain bunch grass remain comparatively high after 
seed maturity. 

A plant closely related to the one discussed is blue bunch grass 
(F. idahoensis). Being confined almost entirely to lands of medium 
elevation, and the herbage having a distinctly bluish color and the 
awns on the culms and lemmas being about twice the length of those 
of mountain bunch grass, the two are readily distinguished even 
though both are distinctly bunch grasses. 

The flower stalks of blue bunch grass begin to show about the first 
week in June in the typical (yellow-pine) habitat and they continue 
to be produced untilabout August 1. The seed matures, for the most 
part, between June 25 and August 15. The seed tested for germina- — 
tion show a viability of from 11 to 21 per cent. 

Blue bunch grass furnishes excellent forage for all classes of stock 
from early spring until the early part of August, when it begins to 
mature and the leaf blades become somewhat tough and dry. Even 
at that time it is grazed to a greater or less extent by cattle and horses, 


but only to a limited extent by sheep. All stock, however, relish 


1 Wolff, E., Farm Foods, 1896, English edition, p. 155. 
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SLENDER REED-GRASS (CINNA LATIFOLIA). 
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ALPINE REDTOP (AGROSTIS ROSSAE). 


PLATE VIII. 


F-8a 


IMPORTANT RANGE PLANTS. 9 


blue bunch grass in the autumn on account of the new growth result- 
ing from the autumn precipitation. As a whole, it is a palatable 
and nutritious grass, and, occuring as it does in abundance over well- 
drained lands of medium elevation, its economic value is high. 


PORCUPINE GRASS. 


(Stipa occidentalis. ) 


The genus Stipa includes a large number of perennial grasses dis- 
tributed throughout the world. Approximately 30 species are found 
in the United States, mainly in the West. Many are valuable for 
grazing purposes, while others are cut for hay. 

Porcupine grass (Plate IV) is a perennial bunchgrass with coarse, 
spreading, and deeply penetrating roots, capable of withstanding an 
unusual amount of abuse. The leaf blades are mainly basal, some- 
what involute (rolled inward), those of the culms shorter than the 
basal ones, all rather rough and somewhat rigid, the sheaths shorter 
than the internodes. The panicle is somewhat contracted, about 4 
inches long; the spikelets one-flowered; the floret cylindrical, pubes- 
cent throughout, with a sharp-pointed bent callus at the base. The 
empty glumes are subequal, membranaceous, and the lemmas or 
flowering glumes, which completely inclose the palets, are brownish 
when mature and bear awns from 1 to 14 inches long, twice bent and 
_ strikingly plumose or densely pubescent to the second joint or knee. 

To judge from the tufted habit of growth and the involute leaf 
blades and their texture, it might be expected that the moisture 
requirements of porcupine grass would be about the minimum of the 
species studied. An average of all moisture tests, however, showed 
that pronounced wilting resulted in the characteristic soil type where 
the water content varied from 9.5 to 11.5 per cent. In a soil contain- 
ing 8 per cent of moisture a specimen failed to recover its form and 
subsequently died. Fearing that some error had crept into the 
results first obtained, several additional tests were conducted, but 
the later results agreed with the first. 

Porcupine grass inhabits only well-drained soils in open, exposed 
situations in association with mountain bunchgrass, alpine redtop, 
short-awned bromegrass, and other species. Its seedlings develop 
somewhat deeper roots than do the majority of the species, and be- 
cause of this fact they have thrived during dry periods in certain 
places where other species able to exist in soil of slightly lower water 
content have died. 

The flower stalks are all produced within a month or less after the 
_ first ones appear. They begin to show about July 15. The seeds 
are, aS a rule, well matured by September 10. In 1909, however, 
they had ripened and were disseminated by August 30. Dissemina- 
tion follows almost immediately upon maturity. 
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The seed crop has a fair viability, the average for the three years 
being 27 per cent. The highest germination, obtained in 1909, was 
35 per cent. On the range this species is reproducing so abundantly 
that it is very probable that a much higher viability results when the 
seed is allowed to pass through the usual conditions after maturing. 
The seed, too, has an effective means of getting mto the ground 
through the boring action of the awn, and this may account largely 
for the plant’s rapid invasion of many situations. It is among the 
most promising species for restocking depleted ranges. 

Although not to be compared with mountain bunchgrass in pala- 
tability, porcupine grass is a good forage plant. It begins growth 
early in the season and continues growing until late in the summer, 
the leaf blades remaining green until September 1. Although their 
texture is somewhat harsh and their edges shghtly scabrous, the 
plant is grazed with considerable relish by sheep, cattle, and horses, 
though considered most desirable for sheep. Both cattle and horses 
eat the flower stalks, even when the seeds are approaching maturity, 
and the long, rather bristlelike awns are likely to make sore mouths 
or even to cause serious trouble in the throat, sometimes resulting 
in what is termed ‘“‘temporary lump jaw.’ Other grasses, however, 
may be more directly responsible for these bad effects. Sheep do 
not consume the flower or seed stalks, but. graze the leaf blades 
closely. 

A species closely allied to porcupine grass is little needle grass 
(S. minor). It is very similar in general characters, ecological 
requirements, and distribution, and for that reason will not be dis- 
cussed in detail here. While as widely distributed as S. occidentalis, 
it is not nearly so abundant. The plant is taller and may be dis- 
tinguished at a glance by observing the awns, which are less than 
half the length of those of S. occidentalis, and which, instead of being 
plumose, are very slightly pubescent or merely roughened. Because 
of its sparse growth, the plant is not especially valuable for grazing, 
though eaten with relish by most classes of stock. (See Plate V.) 


Mountain TimotHy. 
(Phleum alpinum.) 


The genus Phlewm contains about 10 annual and perennial species, 
most of which are confined to the Temperate and Arctic regions. 
Among them is the cultivated timothy, generally conceded to be the 
most valuable forage and hay plant in the United States. 

Mountain timothy is occasionally mistaken for the cultivated 
timothy. While the two plants have somewhat the same general 
appearance (compare Plates II and VI), the cultivated species, P. 
pratense, usually grows from 2 to 4 feet high, while mountain timothy 
as a rule attains less than half that height; also the spike of the latter, 
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VIEW SHOWING How CLOSELY SHEEP GRAZE PINE GRASS IN THE SPRING OF THE YEAR. 


The fibrous woody roots and the fact that it forms a turf renders it almost proof against trampling and close 
grazing. Pine grass is one of the hardiest and most prolific grazing plants in the Wallowa Mountains. 
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PINE GRASS (CALAMAGROSTIS SUKSDORF!!). 


On the right is shown a pine-grass seedling of 2 months’ growth. 
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about 1 inch long, instead of being cylindrical and having short awns 
on the glumes like the cultivated species, is ellipsoid or ovate-oblong, 
the awns about the length of the glumes. 

Like the cultivated species, mountain timothy is a perennial plant 
and has the sheaths of the upper portion of the leafy culms loose as 
compared with the lower ones. The spikelike panicle is usually 
purple in color, and the glumes of the spikelets are slightly fringed on 
the back. 

Mountain timothy is confined to alpine and subalpine regions. In 
the region studied it is closely restricted to the Hudsonian zone. It 
is a plant of turfy habit, growing in moist meadows and swales, 
around springs, and along banks of streams. Often the stands are 
dense and pure. In some places, however, the keenest competition 
exists between the mountain timothy and certain sedges and rushes, 
the result being that one species predominates here and another there. 
Since it grows characteristically in boggy or nearly saturated soils, 
mountain timothy wilts beyond recovery even though there may be a 
rather high percentage of moisture in the substratum. The five 
specimens tested for drought resistance persisted only until the water 
content was decreased to an average of 14 per cent. 

The flower stalks are produced later than those of vegetation in 
drier situations, since the moister soils are slower in warming up in 
the spring. Usually the stalks begin to appear about July 15, and 
are all produced by the end of the first week in August. Mature seeds 
can generally be found after August 15, and continue to ripen until 
about the middle of September. 

The fertility of the seed crop is considerably above the average for 
a typical subalpine herbaceous plant. The average per cent for all 
tests was 69.5, the maximum germination of 76 being obtained in 
1909 and the minimum of 58.2 in 1907. 

When compared with the average marsh or bog species, mountain 
timothy ranks high as a forage plant. Harly in the summer it is 
considered by stockmen to be a bit too succulent or “‘washy,”’ but 
since sheep naturally avoid its habitat, which is invariably moist at 
that season, there is little demand for it then. As the season ad- 
vances, however, the soil becomes drier, and the latter part of the 
summer this grass is grazed with relish. Mountain timothy remains 
ereen and tender unusually late in the fall, and, compared with other 
species grazed at that time of the year, it is eaten with unusual relish. 


SLENDER REED-GRASS. 
(Cinna latifolia.) 


The genus Cinna is represented by but three species in the United 
States. Of these, slender reed-grass (Cinna latifolia) is the most 
important in the localities studied. 
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Slender reed-grass is a rank growing perennial from 14 to 4 feet tall. 
The culms, which are usually very brittle, are bent like a knee at the 
lower joints. Like the sheaths, the leaf blades are rough, and are 
especially broad and very flat (Plate VII). The panicle is long, often 
exceeding 8 inches, open, and usually drooping. 

The favorite habitat of slender reed-grass is in sparsely vegetated 
forests which admit enough light for the undergrowth to succeed. 
It is closely restricted to shaded situations with well-watered soils. 

The inherent tendency toward shade is shown by the unusually 
wide and flat leaf blades as well as the absence of basal leaves, while 
the high water requirements are shown, among other things, by the 
meager development of the root system, the absence of special con- 
trivances to retard transpiration, and the restriction of the species 
to wet soils. Growing in situations very similar to mountain timo- 
thy, it has virtually the same water requirements. Failure to re- 
cover from wilting took place in the mucky soil in which this species 
grows when the moisture content in the case of one specimen was 
13.5 per cent and in another 16 per cent. 

The flower stalks were produced from July 5 to August 5, July 10 
to August 15, and from July 5 to August 10 in 1907, 1908, and 1909, 
respectively. Compared with the earliest appearance of the flower 
stalks, the seed reached maturity at a relatively late date, the earliest 
being about the last week in August. The crop matured evenly, 
however, with approximately 15 days intervening between the time 
the earliest seed matured and the major portion ripened. 

The length of time required for a seed crop to ripen in nearly all 
cases seems to influence the vitality of the resulting crop. An even 
and comparatively short maturing period usually indicates, for a 
given locality, seed of higher vitality than that which ripens at 
wholly different dates. The average germination of the seed crop 
of slender reed-grass for the three seasons was 86.8, and the minimum 
yearly average, 79 per cent, obtained in 1907. 

Since slender reed-grass does not enjoy an especially wide zonal 
distribution, and is closely restricted to moist situations, it supplies 
but limited forage. So far as palatability is concerned, however, it 
ranks high, and since it remains green and tender throughout nearly 
the entire summer grazing season, the herbage is closely consumed. 
Owing to the moist condition of its habitat im the early part of the 
season, the plant is seldom grazed by sheep until August. 


ALPINE REDTOP. 


(Agrostis rossae.) 


The genus Agrostis is composed wf about 100 species, most of which 
are found in the North Temperate Zone.’' As indicated by its com- 


1 Hackel, Edward, ‘‘The True Grasses,” p. 111, 1890. 
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MARSH PINE GRASS (CALAMAGROSTIS CANADENSIS). 
A portion of the characteristic creeping rootstocks is shown. 
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mon name, alpine redtop is typically a plant of the high grazing lands. 
On the Wallowa National Forest it is not found below about 6,500 
feet. It grows well up to and even a little beyond timber line, having 
approximately the same distribution as mountain bunchgrass, with 
which it is commonly associated. 

This species, like a great many typical upland plants, is short, 
rarely exceeding 8 inches in height (Plate VIII). Unlike cultivated 
redtop, it is distinctly tufted instead of stoloniferous, and has a large 
number of narrow basal leaves from one-third to one-half the length 
of the culms. The panicle is rather contracted, about 2 inches long, 
and the spikelets are purple-green merging into red, one-flowered, 
with awnless glumes. 

Alpine redtop seems best adapted to a well disintegrated basaltic 
soul relatively rich in humus, characteristic of glades and open pla- 
teaus. It wilts beyond recovery in soils of this type having a water 
content of from 8.5 to as low as 7 per cent. Good stands have 
often been seen in rather moist habitats, but, as a rule, it succeeds 
best and is more commonly met with in well-drained soils. Being a 
bunchgrass, it never completely covers the ground, but in certain 
localities it is sometimes the main species. 

The average time during which the flower stalks were sent forth 
in 1907, 1908, and 1909 was four weeks. In 1907 they first showed 
on July 5 and continued to be sent forth until August 15. The seed 
crop was fairly well ripened at the end of the first week in September. 

The germination power of the seed in 1907 was 29 per cent; in 
1908, 38 per cent; and in 1909, 41 per cent. For an upland peren- 
nial grass these figures are considerably above the average, and in 
favorable situations the reproduction was good. 

While not eaten with the same relish as are a number of its close 
relatives, alpine redtop is grazed by sheep to a considerable extent, 
particularly in the fore part of the season. After about August 15, 
when all the flower stalks have been sent up, the leaf blades become 
rather tough and unpalatable, and other plants are then preferred. 
The shortness of its leaf blades, its scattered growth, and the compara- 
tively short period during which it is eaten with relish affect its 
importance as a forage plant. 


PINE Grass. 
(Calamagrostis suksdor fii.) 

The genus Calamagrostis, to which pine grass belongs, contains 
about 130 species widely distributed throughout temperate and 
mountain regions. ‘Thirty-eight species, mostly native, occur in 
North America, mainly inthe West. Only three occur in the Southern 
States, and six of those States are without a single species. 
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Botanically Calamagrostis is closely related to Agrostis, the genus 
to which redtop belongs, but may be distinguished from it by the long, 
soft, fine hairs on the callus or hardened base of the floret and by the 
prolongation of the axis of the spikelet behind the palea. 

Pine grass makes its most luxuriant growth in the Transition zone, 
where it grows mainly under the relatively open forest of western 
yellow pine (Pinus ponderosa). It is also found in the Canadian zone, 
where it often ranks first in abundance and importance among the 
grass species. In the Hudsonian zone it is found only in the warmer 
situations of the lower altitudes. (See Plate IX.) 

Pine grass (Plate X) may be recognized by its perennial character 
and its abundant, well-developed, creeping rootstocks which produce 
a continuous, closely matted sod or turf. The culms, somewhat 
bunched, grow from 1 to 3 feet tall, and usually bear three short, 
smooth leaves; the rather numerous lower or basal leaves are somewhat 
involute, flexible, and smooth. The panicle, pale green until the 
plant is mature, is contracted and densely flowered, the spikelet 
bearing but one floret. One pronounced character by which the 
species may be recognized at a glance is the ring of stiff hairs at the 
junction of the sheath and blade. 

The fibrous, widely spreading and deep root system, make it 
possible for pine grass to grow in exposed situations where the soil 
is relatively dry during most of the growing season. (Tests for 
drought resistance show that this species usually fails to regain its 
form after wilting notably in a soil contaiming an average water 
content of 8.5 per cent. In the case of two specimens turgor was 
regained in a soil which contained but 5.5 per cent of moisture.) 

Owing to the warm and relatively dry situations generally inhabi- 
tated by pine grass, the flower stalks begin to appear about July 1. 
The number is comparatively small, and production continues until 
September 1. On the higher areas flower-stalk production is invaria- 
bly sparse, with the period of production extending from July 20 to 
the end of the season. The seed begins to ripen on the lower ranges in 
late July, and the period of maturity extends until the middle of 
September. On the higher ranges the first seed ripens by August 
10, and the maturing period lasts until unfavorable weather condi- 
tions in September. Seed of the last flower stalks produced seldom 
ripen. 

In fertility, the seed of pine grass ' ranks about the highest of the 
native species studied. The lowest vitality observed occurred in 1907, 
when an average of 58.2 per cent was obtained. In 1908 and 1909 
averages of 76 and 74.5 per cent, respectively, were secured. Sced 
collected at different times in the Transition zone yielded the highest 


1 The seed used in these tests was collected in the upper Canadian zone in the latter part of August of 
each season. 
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PLATE XIII. 
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SPIKED TRISETUM (TRISETUM SPICATUM). 
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results in nearly every case, one germination test, the highest of all, 
giving 98.5 per cent. 

Among stockmen there is much diversity of opinion as to the forage 
value of pine grass. While it may not be included in the category 
of choice forage plants, except in the spring when it is young and 
tender, yet it plays a valuable part on the range. In the spring of the 
year the leaf blades are eaten with nearly as great relish as any of the 
native grasses, and judging from the condition of the stock feeding 
upon it, the species has high nutritive qualities. From early spring 
to about the middle of July, on the lower ranges, all classes of stock 
graze it closely and with considerable relish. In the latter part of 
July, however, the tissues of the leaf blades become fibrous and 
tough, the plant is not grazed with relish, and is then considered to 
have a much lower nutritive value. In the fall of the year, after the 
rains have started, it is again grazed to a limited extent, since the leaf 
blades are somewhat softened by the precipitation. 


BLueEJOINT. 


(Calamagrostis canadensis.) 


Bluejoint or marsh pine grass, because it is less abundant and less 
important than pine grass, is not so well known to stockmen as the 
latter. Though its distribution is about the same, it does not inhabit 
pine forests, but grows in marshes and swales and along moist stream 
banks. The local name is derived from its resemblance to typical 
pine grass, to which it is closely related. 

The two species may readily be distinguished by the panicle (com- 
pare Plates X and XI), which in pine grass is dense or contracted 
and pale green, while in bluejoint it is very loose and open and tinged 
with brown or pale purple. The latter does not have the character- 
istic ring of stiff hairs at the junction of the sheath and blade. The 
culms of marsh pine grass are erect, from 14 to 3 feet high; the leaves, 
smooth, long, wide, and distinctly flat. It has rather shallow, lateral 
roots. Reproduction by root stocks is prolific, and dense stands are 
common in favorable situations. 

The wide, flat leaves, shallow roots, and the situations in which 
marsh pine grass grows indicate its inability to withstand drought. 
The soul in which it occurs is well supplied with moisture, but is not 
especially rich in organic matter. In some of the tests the plants 
did not succumb until the water was reduced to nearly 11 per cent. 
In the case of two tests the specimens recuperated from the wilted 
condition when the soil contained an average of 14 per cent of 
moisture. 

The flower stalks begin to appear about June 25, and by July 20 
are nearly all sent up. Mature seed can usually be found by August 
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1, and by August 20 the main seed crop has ripened. The seed has 
a high power of germination. The average for all tests made was 
71.5 per cent, with a minimum germination of 59.5 per cent. 

Owing to its rank growth bluejoint is better suited to cattle and 
horses than to sheep, yet the latter eat the leaf blades, though rarely 
the flower stalks even when young. Because of its restriction to 
moist situations, it is not very abundant, and consequently fur- 
nishes a comparatively small amount of forage. 


Turrep Harr-Grass. 


(Deschampsia caespitosa.) 


Tufted hair-grass (Deschampsia caespitosa) is a member of the 
same tribe as cultivated oats. Though from its general appearance 
this fact would not be recognized, yet botanically they are closely 
related. Tufted hair-grass is often mistaken for redtop, mainly 
because of its loose panicle, but morphologically it is very different. 
Redtop has but one flower in a spikelet, while tufted hair-grass has 
two perfect flowers. 

The genus Deschampsia is represented by about 20 species, adapted 
mainly to the cold and temperate regions. About 6 species are 
found in the western part of the United States. 

Tufted hair-grass is a perennial tufted species with rather deep and 
spreading fibrous roots. The culms are from 14 to 3 feet tall, erect, 
and smooth, or in some specimens slightly rough, the leaves mainly 
basal and very numerous, flat, and often ascending to half the length 
of the culms. The spikelets, bearing two perfect flowers, are small 
and shiny, and the panicle is open, the branches widely spreading. 
Both the empty and the flowering glumes are shiny in appearance 
(Plate XII). The latter are notched at the apex and bear a short 
awn on the back. 

This species is rarely found in dry situations, but grows abundantly 
in moist meadows, canyons, and bottom lands, where it frequently 
predominates. Concerning its density of stand and rankness of 
growth F. Lamson-Scribner ' states that is has a record of producing 
10,209 pounds of green and 3,318 pounds of dry hay per acre. The 
minimum amount of soil water with which it will grow varies between 
11.5 and 14.5 per cent. In soils containing less than this amount 
of moisture the wilted leaf blades failed to regain their turgidity. 

The first flower stalks appear about July 20, and their production 
continues until about August 15. As with most species in moist 
soils, the flower stalks are not produced as early as in the drier 
situations. The time required for the development of the seeds is 
rather prolonged, and well-matured seeds are rarely found until 


1 Economie Grasses, U. 8. Dept. of Agr., Div. Agrost. Bul. 14, p. 32, 1900. 
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September 1. By about the middle of September the crop is usually 
well ripened, and, for the most part, disseminated. 

The germination per cent is about the average for an upland 
plant, the average for all tests conducted during the three years of study 
showing 26.4 per cent for the seed crop from the Hudsonian zone, 
where the revegetation studies were made. Seed collected in the 
Canadian zone germinated as high as 50 per cent. Some seed compa- 
nies handle sagt of this species grown in Europe, which as a rule has 
a fair germinative strength. It is sold for about $22 per 100 pounds. 

This species is an important forage plant because it occurs fre- 
quently throughout the Hudsonian zone, is often met in the Canadian 
zone, occurs in sufficiently dense stands to make it an appreciable 
factor in meadow crops, and is eaten with relish. So far as texture 
is concerned, it is always desirable for cattle and horses, but is often 
too rank and coarse to be of the highest value for sheep. Neverthe- 
less, as a rule, sheep graze it closely. Densely vegetated meadows of 
this species grazed by sheep comparatively early in the summer when 
the root leaves are tender may have the appearance of a newly-mown 
lawn of bluegrass, so closely is the forage removed. Up to about 
August 15 tufted hair-grass is highly relished, but after that date the 
leaf blades take on a fibrous or somewhat woody texture which 
ereatly lessens their palatability. In the latter part of the grazing 
‘season it is not usually grazed closely unless it has been cropped 
earlier in the season, a condition which results in prolonging the 
ercwth of the vegetative parts. The aftermath is eagerly consumed 
by all classes of stock, and especially by sheep. Observations indi- 
cate that this species withstands trampling and close grazing better 
than any other valuable forage grass in the region studied. This fact 
is due both to the habit of growth of the plant and to the nature of 
the situations in which it grows. 


SLENDER Hatrr-GRass. 
(Deschampsia elongata.) 


Slender hair-grass, though closely related botanically to tufted 
hair-grass, differs widely from it in general appearance (Plate XIII). 
Like tufted hair-grass it is a perennial and grows in tussocks, though 
the latter seldom attain a diameter exceeding 4 inches, and more> 
often are only one-half that size. 

Slender hair-grass bears the appearance of an annual grass in that 
it is very shallow rooted and sends up a preponderance of slender 
naked seed stalks. The latter are erect and from 8 to 16 inches tall. 
At the base a prodigious number of narrow, rather smooth but very 
short root leaves are produced. The panicle is long, often fully 
one-third the length of the culm, and usually not widely branched. 
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In the region studied this species has a wide distribution. It 
occurs most abundantly and grows most luxuriantly in the Canadian 
zone, though it is met with in a variety of situations in both the upper 
and lower contiguous zones. In fact, the tendency of slender hair 
erass to adjust itself to various sites is a marked characteristic. In 
the well-aerated, finely disintegrated, basaltic soil of the plateaus in 
the Hudsonian zone this species does not wilt notably until the 
water content of the soil falls to between 8.5 and 10.0 per cent—a 
relatively low figure. On the other hand, simultaneous drought tests 
conducted in soils rich in organic matter, and where the plant had 
had access to a high per cent of soil water at all times, resulted in 
destructive wilting of the plant when the soil-water content was as 
high as 15 per cent. In moist situations a meager root system is 
developed, and on dry sites, while the root rarely penetrates deeply 
into the soil, it spreads over corsiderable surface. 

The flower stalks begin to appear about July 10 in the drier situa- 
tions, and a week or so later in moist places. By August 1 the 
majority have put in their appearance. Mature seeds are found as 
early as August 5, while the bulk of the seed crop is matured by 
August 25. The tests made for seed vitality were confined to the 
year 1909, and showed an average of 41.5 per cent. On lower ranges 
somewhat higher figures were obtained, 56.5 bemg the maximum. 

The grazing value of this plant is relatively low, and in this respect 
it does not compare favorably with tufted hair grass. Owing to its 
shallow roots the plant is frequently pulled up. Sheep grazing on 
this plant, especially early in the season when the soil contains a 
high per cent of moisture and the roots are readily pulled out, start 
masticating the leaf blades, but usually expel them when they find 
that roots and clinging dirt form the dessert to their diet. After a 
few experiences of this kind they crop it but little. Since the tussock 
is small, horses often pull up the entire tuft, and after eliminating the 
greater part of the clingirg dirt by shaking it vigorously and rubbing 
it upon the ground, sometimes devour the plant. After about 
August 15 the leaves become air dried, and slender hair grass is then 
disregarded as a forage plant by all classes of stock. 

Another species known as black hair-grass (D. atropurpurea) occurs 
in scattered stand in open situations throughout the Hudsonian zone. 
Being restricted to high elevations (it rarely occurs below 6,500 feet), 
the flower stalks are not seen until July 15 and they continue to be 
produced until about August 25. No seed is matured until about 
September 1 and very little fertile seed is developed even in most 
favorable seasons. Reproduction takes place vegetatively by means 
of offshoots arising from root stocks. 


PLATE XVII. 
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LITTLE BLUEGRASS (POA SANDBERGII). 
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SHORT-AWNED BROMEGRASS (BROMUS MARGINATUS). 
The sheath on the basal portion of the culm was accidentally removed before the photograph was taken. 
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The plant, bemg late in maturimg and the herbage green and tender 
throughout the season, is grazed with much relish by all classes of 
stock from early spring until late autumn. 

It occurs in dense stands only in small isolated patches and conse- 
quently is not highly important as a range plant. 


SPIKED TRISETUM. 
( Trisetum spicatum.) 


The genus Trisetum belongs to the oat tribe. and is represented by 
about 8 species in the western United States, most of which occur in 
the higher mountains. 

The zonal distribution of Trisetwm spicatum is typically Hudsonian, 
though it occurs commonly above timber line and is found to a limited 
extent on north and east slopes in the Canadian zone. The plant 
occurs irregularly in scattered stands throughout the upland ranges 
in exposed situations on well-drained soils. It is frequently asso- 
ciated with slender hair-grass, but is more deeply rooted. As its habi- 
tat indicates, spiked trisetum is not readily killed by drought. Most 
specimens tested were able to regain turgor and, of course, absorb 
water from the soil until its content was reduced to from 7.5 to 9.5 
per cent. As a rule the plants died very gradually, probably owing 
to the highly developed contrivances for protection against rapid 
transpiration. 

The plant is a perennial of tufted habit with deep and widely spread- 

ing fibrous roots (Plate XIV). It may usually be recognized by the 
soft downy pubescence on the sheaths and culms, which has given it — 
the local name ‘‘wool grass,’ although this is a widely variable char- 
acter, some individuals appearing nearly smooth. Most specimens 
appear downy silvery white. The culms vary in height from 1 to 2 
feet. From the crown arise a large number of short, flat, and rather 
wide basal leaves. The panicle is spikelike and cylindrical in char- 
acter, somewhat contracted and shiny. The lemma or flowering 
glume bears on the back a rather inconspicuous, slender, soft, divergent 
awn. 
The flower stalks appear about July 10, and a month later produc- 
tion is usually complete. The seeds do not begin to ripen before about 
August 25, and generally are not all matured by the time inclement 
weather comes in the fall and prevents further development. As a 
result, viable seed are produced only on the earliest flowering stalks. 
In 1907 the seed crop averaged 11 per cent germination, and in 1909, 
28 per cent. No tests were made in 1908. 

While spiked trisetum occurs in scattered stands, it is widely dis- 
tributed and furnishes more forage than is ordinarily thought. The 
leaf blades are eaten in preference to many other species, so that little 
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of the herbage goes to waste. In addition, the plant begins to grow 
early in the spring and does not ripen until late in the fall, so that it 
remains fresh and palatable throughout the season. Though it with- 
stands trampling well, natural regeneration on protected ranges is 
scant as compared with that of other species whose seed crop has about 
the same or even lower viability. 


Mountain JUNE GRASS. 
(Koeleria cristata.) 


Koeleria, though a genus of only about 15 species, has wide geo- 
graphical distribution. In the United States mountain June grass is 
the only representative of common occurrence and much economic 
value. 

Mountain June grass is a tufted perennial species, 1 to 2 feet in 
height, the culms of which are usually pubescent just below the 
panicle. The leaves, which are mainly basal (Plate XV), are unu- 
sually numerous. They are flat or slightly inwardly rolled, vary in 
texture from smooth to rough, and are often hairy. The panicle, 
pale green in color, is spikelike when young, but during fertilization 
is rather widely expanded. The lemmas or flowermg glumes are 
glossy, and the plant can-nearly always be recognized off hand by the 
shiny character of the panicle. 

This plant often inhabits very dry situations, though on the lower 
ranges it matures comparatively early and so largely avoids the driest 
part of theseason. In the higher altitudes moisture is usually present 
afew inches below the surface. Most of the plants tested wilted strik- 
ingly, usually beyond recovery in a soil having from 10 to 13.5 per 
cent water content. Thus the soil-moisture requirements in the par- 
ticular soil type in which it grows are about the average. 

The flower stalks on the upland ranges were put forth in 1907 be- 
tween July 10 and 28; in 1908 between July 10 and 25; and in 1909 
between July 5 and 25. The seeds begin to ripen about the latter 
part of the second week in August, but the entire crop is not matured. 
until about September 10. 

The germinative power of the seed is low. In 1907 an average of 
three tests gave 16 per cent and in 1908 14 per cent. No test was 
made in 1909. However, on the lower areas in the Transition zone, 
for example, the seed was somewhat more viable, though there was 
no marked contrast in the germinative power. 

Mountain June grass is of considerable importance as a forage plant 
in the region studied, and few species are more eagerly eaten. The 
long, soft, and numerous crowded basal leaves are consumed by sheep, 
cattle, and horses in preference to many more abundant forage plants 
when green, and, like mountain bunch grass, the leaf blades but not 
the flower stalks are eaten by sheep after the seeds have reached ma- 
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turity. It is found rather sparingly on the higher ranges, but is fairly 
abundant in glades and sparsely timbered areas of medium moisture 
in both the Canadian and Transition zones. 


ONION GRASS. 
(Melica bella.) 


The species of the genus Melica, over 50 of which have been de- 
seribed, are distributed throughout the temperate and subtropical 
regions. Several are of value for grazing, but the genus as a whole, 
contains few species of high economic importance. 

Onion grass enjoys a rather wide distribution, growing luxuriantly 
in the upper Canadian zone, but also succeeding well in the Hudson- 
ian zone. It rarely occurs as the predominating species in a plant 
formation, but appears in rather scattered stands in association with 
such species as mountain bunch grass and short-awned bromegrass, 
on well-drained soils. In its ability to exist in soils of low water con- 
tent it is very similar to mountain bunchgrass, the plant wilting be- 
yond recovery from this condition when the soil water is reduced to 
from 6.3 to 8.5 per cent. 

Onion grass is a perennial, bulbous at the base, fibrous rooted (Plate 
XVI). Culms 1 to 2 feet tall, sheaths and blades smooth or slightly 
rough to the touch. The panicle is sparsely branched, and the spike- 
lets usually bear 5 flowers. The lower or empty glumes are shorter 
than the scale of the floret, and both the glumes and the lemma, es- 
pecially the part of the letter naturally exposed, are dark purple when 
young, fading to light brown upon the approach of maturity. 

_ The flower stalks appeared from July 20 to August 10, in 1907, 

July 15 to August 15 in 1908, and July 10 to August 15 in 1909. In 
1908 matured seeds were not found until August 20, and in the other 
two seasons the seed-maturing period was even later; in fact, this 
function was so much delayed in many situations, particularly where 
grazing had been carried on excessively, that a large amount of the 
seed failed to mature at all. 

Germination tests showed the seed to have a low vitality. In 1907 
negative results were obtained, and in 1908 only 4 per cent germina- 
tion was secured. In 1909 no germination test was made. From 
these data and the fact that it is not regenerating on the range, the 
species would seem poorly adapted to the revegetation of depleted 
ranges. 

Notwithstanding the fact that onion grass has a wide distribution 
and ranks high in palatability, its scattered growth restricts its 
value as a forage plant. It starts growth early in the spring and, 
since it continues activities until late in the season, is relished through- 
out the summer by all classes of stock, and especially by sheep. 
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A species of the same common name, closely resembling Melica 
bella and nearly as widely distributed and as important economically 
in the region studied, is Melica spectabilis. In habit of growth and 
general appearance the plants are very similar, both being bulbiferous 
and growing to practically the same height. In contrast with the 
rather dull spikelets of MZ. bella, however, those of M. spectabilis 
are bright in appearance and the glumes are membranaceous; the 
pedicels of the former are stiff and erect, whereas those of the latter 
are slender and flexuous. The period of flower-stalk production 
and seed maturity is virtually the same as in the case of JM. bella, 
and the viability of the seed crop is also very low. 


LitTtLeE BLUEGRASS. 
(Poa sandbergii.) 


The genus Poa is composed of about 150 species widely distributed 
in temperate and cold regions. In the western United States about 
75 species have been reported. The value of the bluegrasses for 
hay and forage is well known. Cultivated Kentucky bluegrass is 
closely related to little bluegrass. 

Little bluegrass is distinctly a plant of the Transition zone, though 
through its ability to adjust itself to more or less adverse conditions 
it succeeds remarkably well on upland ranges and furnishes an 
abundance of forage. While at higher elevations it often grows 
luxuriantly in rich clay loam soils, usually it inhabits inferior shallow 
soils. On typical scablands and rocky areas it is the most common 
and characteristic species. Owing primarily to its ability to with- 
stand drought and wide variation in temperature, the range of dis- . 
tribution of little bluegrass in the region studied is unusually 
broad. It grows profusely in the lower limits of the Transition 
zone, about 2,000 feet, and is also common on ranges of 8,000 feet 
elevation. On such situations it is almost invariably confined to 
scablands and poorly disintegrated soils on the warmer south and 
west exposures. In the tests made to determine its drought resis- 
tance, little bluegrass did not show signs of complete wilting until 
the soil water was reduced to between 6.5 and 7.8 per cent. 

Little bluegrass is a perennial (Plate XVII) and grows in tussocks 
not usually exceeding 8 inches in diameter. It has coarse, deeply 
penetrating roots, which withstand trampling remarkably well; 
smooth culms, slightly decumbent at the base, 14 to 2 feet in height; 
close erect panicles composed of spikelets of 3 to 5 florets; and a 
superabundance of narrow, short, and rather flat, or sometimes 
slightly folded, blue-green basal leaves. 

The flower stalks of little blue grass are among the earliest to appear 
on the range. This is due, first, to the character of the situations in 
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which the species grows on the higher ranges, and second, to the 
inherent tendency of the species to complete its development at a 
very early date in its lower zone. The flower stalks on the upland 
ranges appeared from July 10 to August 1, July 10 to August 10, and 
July 5 to August 5, in 1907, 1908, and 1909, respectively. The seeds 
began to ripen in the latter part of July, and, except in 1907, the 
seed crop had matured by August 20. 

The seed crop developed in the high mountains has a low vitality, 
the average for all tests made for the Hudsonian zone for the three 
years being only 7 per cent. In contrast to this, seed grown in the 
Transition zone showed average germination of 38.4 per cent. 

As a forage for sheep, horses, and cattle early in the season, little 
bluegrass can hardly be surpassed. The entire plant is readily con- 
sumed until the seeds begin to reach full development. After the 
seeds have matured, however, which they do early in the summer, 
the plant is neglected for the more palatable tender species. In the 
fall of the year, when the bulk of the range plants are air-cured, 
little bluegrass again becomes one of the choice species. 

Other bluegrasses occur in the mountains, but as a rule are so 
scattered as not to merit special mention. The species most com- 
monly met with, in order of their abundance, are P. brachyglossa, 
P. paddensis, and P. ampla. 


SHORT-AWNED BROMEGRASS. 


(Bromus marginatus.) 


The genus Bromus is closely related botanically to Festuca, to 
which mountain bunchgrass belongs. In general, it differs in having 
larger spikelets and a toothed apex on the lemma, or flowering glume. 

Short-awned bromegrass (Plate XVIII) is a perennial species, and 
on favorable situations almost invariably forms a dense turf. The 
culms are erect and stout, from 3 to 4 feet in height, the sheaths 
are usually clothed with scattered, rather long, soft hairs; the panicle 
is erect and somewhat narrow, of a purple cast, and from 4 to 8 
inches long, with seven to nine flowered spikelets, the florets coarsely 
pubescent, with two rather pointed hyaline teeth at the apex and 
the midrib extending into an awn one-fourth inch long. 

Short-awned bromegrass has rather a wide distribution in the 
region studied, but grows most luxuriantly between 4,000 and 7,500 
feet elevation, where it generally inhabits the better soils of medium 
moisture content. 

It grows in dry situations on open plateaus, in friable loam soils, 
and in canyons, and often predominates on the banks of streams. 
The plant did not wilt destructively until the moisture in the soil 
was reduced to between 5.5 and 8 per cent. 
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The flower stalks begin to show about July 25, and by August 10 
are usually all produced. Matured seeds have been observed as 
early as August 10, and are usually pretty well ripened by Septem- 
ber 1. Dissemination takes place almost immediately upon maturity. 

Seeds of this species are above the average in germinating power. 
Seed vitality for the three years beginning with 1907 was 38, 47, 
and 58 per cent, respectively. On the lower ranges a germination 
as high as 85 per cent was obtained. 

The forage value of short-awned bromegrass 1s relative.y high. 
Because of its rank growth and the coarseness of the culms, however, 
it is more valuable for cattle and horses than for sheep, although if 
grazed when young the latter class of stock often entirely consume it. 
At a later period of growth the culms develop an abundance of crude 
fiber, and sheep then consume’ only the leaf blades and the panicle 
with its spikelets of developing grain. Horses are particularly fond 
of the grain both in the matured state and when green, and stockmen 
consider it equal to oats in nutritiousness. When this species is 
grazed off early in the summer it continues to grow luxuriantly, and 
at the close of the season has produced a second crop of leafy foliage 
equal in palatability to the early crop. Under such treatment, how- 
ever, no seed stalks are produced. 

On the Wallowa National Forest a variety of short-awned brome- 
grass, B. marginatus seminudus, and three other species, namely, 
rattlesnake grass (B. brizaeformis), B. richardsoni, and soft cheat (B. 
hordeaceus) have been collected. Because of the sparseness of all 
these forms except the last, this will be the only one discussed. 


Sorr CHEAT. 
(Bromus hordeaceus.) 


Soft cheat or chess, an annual native to southern Europe, has 
taken possession of deteriorated grazing lands in Washington, 
Oregon, and certain localities in California. On the lower ranges of 
the Wallowa National Forest, where germination occurs in the fall, 
it produces a first-class early spring feed when little else is available. 

Soft cheat (Plate XIX) has an erect growth. The culms, which 
are often very hairy at the nodes, attain a height of from 1 to 2 feet 
and are subtended by sheaths bearing long flexible hairs often of a 
silvery-white luster. The leaves are long and narrow, somewhat 
pubescent or smooth, and rather numerous for an annual species; 
the panicle is narrow, contracted, and erect, the spikelets from 5 to 
13 flowered. Extending from the lemma or flowering glume is a 
stout, straight, or when old, slightly twisted awn, about 4 inch long, 
somewhat flattened near the base. 

Soft cheat is well adapted to the Transition zone, but grows 
luxuriantly in the Canadian zone, and is occasionally met with in 
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the Hudsonian zone, though there it is of little forage value. It 
makes its best growth on shallow clay loam soils, where, notwith- 
standing its shallow roots, it remains green throughout the summer. 
External hairy contrivances protect the plant from transpiration. 

Wilting beyond recovery does not take place until the soil moisture 
falls to or shghtly below 5.5 per cent, a condition which very few 
herbaceous species can withstand. Owing to its ability to succeed 
in dry souls and to withstand long periods of drought, and because of 
its good seed habits and aggressiveness, soft cheat is valuable as a 
binder for exposed soils. 

On the higher ranges in the Canadian zone, and in those parts of 
the Hudsonian where it occurs, the flower stalks are mostly produced 
by July 15. The seeds are usually matured by August 10. In the 
Transition zone the seeds are ripened a month earlier. Seed col- 
lections made on the upland ranges at an altitude of 6,000 feet 
yielded an average germination of 48.2 per cent, while seed grown in 
the Transition zone during the same seasons averaged 78.5 per cent. 
This wide difference is doubtless due to the more favorable tempera- 
ture in the lower zone. 

Since the forage of soft cheat is produced exceptionally early, it 
is of special value at that season, and the leaf blades are then eagerly 
eaten. There is diversity of opinion among stockmen as to the 
nutritive qualities of this grass. Many claim that it is a valuable 
feed when supplemented with other species of grasses and weeds, 
but owing to its ‘‘washy,” succulent nature in the spring of the year, 
it is not conducive to putting. on solid fat. Miners say that their 
pack animals fatten quickly upon it when left at leisure, but when 
grazing upon it exclusively they are unable to work without excessive 


loss of flesh. After the seeds have ripened the plant is of very little 


forage value. 
Tart Meapow-Grass. 


(Panicularia nervata.) 


The genus Panicularia belongs to the same tribe as Kentucky 
bluegrass and mountain bunch grass. It contains about 20 species, 
most of which are found in North America. As its common name 
implies, tall meadow-grass usually attams a good height. The leaf 
blades are flat, smooth beneath, and rough above, and the sheaths 
are rather rough throughout. At maturity the somewhat purplish 
panicles with long flexible branches are usually drooping. 

This species is closely confined to moist situations, and is able to 
thrive in rather deep shade. It is almost invariably associated with 
slender reed-grass and various species of sedges and rushes of high 
water requirements. I+ occurs rather extensively in moist situa- 
tions in the Canadian zone, and is often the chief species in favorable 
spots in both the Hudsonian and Transition zones. 

85154°—Bull. 545—17-—-4 


26 BULLETIN 545, U. S. DEPARTMENT OF AGRICULTURE. 


Since tall meadow-grass is entirely restricted to wet soils, the root 
system is not extensively developed, and it requires a relatively high 
amount of moisture to supply its needs. In its typical habitat it 
wilted beyond recovery when the soil water was reduced to from 
12 to 14.5 per cent. 

The average period of flower-stalk production extends over about 
three weeks, beginning about July 10, while by August 1 most of the 
stalks have been sent forth. The seed begins to ripen about Au- 
gust 20, and by September 10 the crop is practically all matured 
and disseminated. Seeds are dropped immediately upon ripening. 

The germinative power of the seed crop, as tested in 1908, gave 
an average of 85 per cent, and since reproduction of this species seems 
to be generally good, it is probable that the seed has a high average 
vitality. 

Tall meadow-grass (Plate XX), hike a number of other species 
with a high-water requirement, supplies only a limited amount of 
forage. It is relished by all classes of stock, and is probably most 
valuable as forage during August, since it is then less succulent than 
earlier in the season. Up to August 1 the flower stalks are eaten 
nearly to the same extent as the leaf buds, but after that period they 
become somewhat tough and are not usually eaten by sheep. Horses 
and cattle, however, continue to consume the entire plant until much 
later in the season. 

Another species, P. pauciflora, very commonly associated with 
tall meadow-grass, has similar distribution and habits. P. pauciflora, 
however, does not occur as abundantly and, consequently, is not as 
valuable as a forage plant. It is readily distinguished by having 5 
nerves on the lemma instead of 7, as in the case of tall meadow grass. 


Bie BuncH Grass. 
(Agropyron spicatum. ) 


The grass tribe, Hordeae, to which this and the following five 
species belong, is of high importance in the West. The genus 
Agropyron contains about 40 species, more than half of which are 
found in the United States. Of these, many are highly valuable 
for hay and forage. , 

Big bunch grass or blue bunch grass, as it is sometimes called 
because of the characteristic blue-colored culms or stems, is a peren- 
nial with deep fibrous roots. The culms, smooth and covered with 
“bloom,” attain a height of about 12 to 18 inches in dry situations 
where this grass characteristically occurs, while in deep rich soils of 
abundant moisture a height growth of about 30 inches is sometimes 
made. The leaf blades, about half the length of the culm, are mainly 
basal and produced in abundance. They are flat when green, but 
slightly rolled inwardly when the plant is air dry or suffering for lack 
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of water. The spikes are somewhat compressed, slender, 2 to 4 
inches long. The spikelets are flattened, and as shown in Plate XXI, 
are long, narrow, erect or spreading, 3 to 6 flowered, 4 to 12 in 
number. The glumes (empty lowermost two scales) are sharp- 
pointed but awnless; lemmas (upper flowering scales) are usually 
provided with stout, somewhat twisted awns 1% to 1 inch long. 

The distribution and abundance of this grass are unusual. It 
constitutes the controlling type of plant growth below the yellow- 
pine zone, where itis depended upon to furnish the major portion of 
the fall, winter, and spring forage. In a few localities in Montana 
and Wyoming it grows so dense that it is of value for hay. It extends 
even into the Hudsonian zone (usually in scattered stand,’though in 
favorable situations nearly covering the ground with a rank growth), 
and even in this grazing type produces considerable herbage. This 
wide distribution is due to its remarkable capacity to endure drought. 
It is able to exist though for several days in a wilted condition, in 
the basaltic-soil type of the higher ranges when there is but 5.5 to 
7.5 per cent water. This accounts for the prevalence of big bunch 
erass on scablands, benchlands, and gritty, poorly disintegrated soils 
of. low water content. 

Flower stalks first show about August 1, appearing very irregularly 
until perhaps September 1. Both the beginning and completion of 
production are thus unusually late, and the delay in the appearance 
of the flower stalks is reflected both in the time of seed maturity and 
in the fertility of the seed. Fully ripened seeds are rarely found 
before August 20. The seed crop continues to ripen irregularly as 
long as the weather permits, but the bulk of the seeds do not reach 
maturity. The seed that does mature germinates rather poorly. 
The average for 1907, 1908, and 1909 was 16, 30, and 26.5, respec- 
tively. On the lower ranges, however, seed is matured early and 
evenly, and a germination of 80+ per cent is often obtained. 

The large amount of herbage afforded by big bunch grass on the 
lower ranges, and even in the upland grazing areas, places it well 
toward the top of the lst of important forage plants. No other 
grass or forage plant is so abundant on the lower areas, nor supplies 
so much feed. As a fall, spring, and winter feed it is preeminent. 
When the fall rains come on, usually in September, big bunch grass 
is awakened to growth, and for two months or more, depending upon 
the altitude and physiography, continues its activities. This tender 
and succulent herbage is ravenously consumed by all classes of 
stock in the fall as well as during the winter and spring. About the 
middle of June on the lower areas, however, the foliage becomes 
somewhat tough and unpalatable and ceases to be of high value for 
forage. On the higher ranges, owing to the delay in the growing 
period and the absence of growth in the fall, the plant is grazed 
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throughout the season, though it does not seem to be consumed with 
the same eagerness as many other species. 


MountTAIn WHEAT GRASS. 
(Agropyron violaceum.) 


Mountain wheat grass resembles in general appearance cultivated 
wheat, though the two are not closely related botanically. Like 
big bunch grass, this species is a densely tufted perennial with deep 
and spreading roots. It is readily distinguishable from the former 
species, however, by its awnless spikelets or the presence of a slight 
rudimentary awn onthelemma. ‘The leaves are unusually numerous, 
basal, flat, and somewhat rough, about half the length of the culms, 
the latter attaining a height of from 1 to 2 feet. The spikes are 
slender and short, the lower (empty) glumes being conspicuously 
three-nerved (Pl. XXII). 

Though common in both the Canadian and Arctic-alpine zones, 
this species reaches its best development in the Hudsonian zone. As 
would be expected from the extensive development of the root 
system, it is best adapted to soils of medium moisture content. It 
inhabits open exposed situations, and is usually associated with big 
bunch grass, mountain bunch grass, and little bluegrass. In ecologi- 
cal requirements it resembles these species closely. In the drought 
tests it did not wilt beyond rocoveny until the soil water dropped 
to between 6 and 7.5 per cent. 

The flower stalks begin to show during the last week of July or 
first days of August, and production is for the most part complete 
within 3 weeks after their first appearance. As a rule the seeds are 
ripened from about August 20 to September 1. Dissemination takes 
place almost immediately after maturity. 

As a rule, the vitality of the seed of most of the species growing in 
the Staeonian and Arctic-alpine zones reaching maturity on or 
before September 1 is high, and in this respect mountain wheat 
grass is no exception. In 1907, a very poor seed year for mountain 
wheat grass, there was an average germination of 78 and in 1908 
and 1909, respectively, an average of 96 and 82.5 per cent. From 
these figures it would be expected that this species is regenerating 
in favorable localities. Observations show that this is true where 
the seed crop is worked into the soil through grazing or otherwise, 
but where the surface layer is undisturbed the seeds, which are 
large and have no awns on the flowering scales to bore them into 
the ground, do not germinate. 

Mountain wheat grass is greatly relished by all classes of stock. 
Growth starts promptly in the spring, and the plant remains green 
and palatable until late in the fall. It is eaten with the greatest relish 
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up to about August 15, but considerably later in the season, even in 
September, the basal leaf blades, though not the flower stalks, are 
eaten close to the ground by sheep and cattle. Mountain wheat 
grass is cropped in preference to a large number of species. It is 
preferred in the latter part of the season, if not earlier in the year, 
to big bunch grass, though its scattered growth and narrow zonal 
distribution make it less important than the latter. 

A species closely allied botanically to mountain wheat grass is 
red bunch grass (A. flerwosum), so named on account of its reddish- 
purple panicles and bunched habit of growth (Pl. XXIII). Its 
prominent awns and loose spikes, however, give a very different 
appearance from the former. It is sometimes mistaken for smooth 
wild rye (Pl. XXIV), though very different in structure. In its range 
- of distribution, ecological requirements, period of flower stalk pro- 
duction and seed maturity, and in its forage value, red bunch grass 
is very similar to mountain wheat grass, though in most situations it 
does not remain palatable as late in the season. 


SmootH Wixtp Rye. 
(Elymus glaucus.) 


The species belonging to this genus are generally known as rye 
grasses because of their resemblance to the ordinary cultivated rye. 
There are about 25 species of Elymus, distributed mainly throughout 
the north temperate regions. 

Smooth wild rye is a perennial bunch grass with a strong root system 
capable of withstanding more than the average trampling by stock. 
It grows from 1 to 3 feet in height, the sheaths enveloping the culms 
usually being smooth, the leaves abundant, smooth beneath, some- 
times rough above. The spike, 2 to 5 inches long, is narrow and 
slender, bearing numerous spikelets of three to six flowers. The 
glumes (lowermost empty two scales) are narrow, sharp pointed and 
rigid. ‘The lemmas (upper flowering scales) smooth or slightly rough, 
each bearing a straight rough awn one-fourth to one-half inch in 
length. 

This grass is distributed over a wide altitudinal range. It is most 
abundant in the upper Canadian zone, is fairly common in the lower 
Hudsonian zone, and is found to a limited extent in the Arctic- 
alpine zone. As a rule, its growth is not dense, but affords an abun- 
dance of forage because of its wide distribution. In most cases it is 
merged with mountain bunch grass, short-awned bromegrass, and 
other species characteristically associated with the latter in glades 
and parks. Smooth wild rye seems to be somewhat better able to 
succeed in moister habitats than many of the plants associated with 
it in exposed situations, and yet it withstands drought remarkably 
well. In the drought tests it did not wilt beyond recovery in some 
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instances until the soil moisture was reduced to 7.5 per cent, though 
two species died when there was a water content of 9.8 per cent. 

Flower stalks begin to appear during the first week in July and 
continue until about the first week in August. The seed crop begins 
to ripen as early as August 1 and continues throughout the month, 
few immature seeds being found in September. The vitality of the 
seed crop is about the average for upland grazing plants. The aver- 
age germination for the three years of study was 21.2 per cent. 
From this it would seem that many other species, such as moun- 
tain wheat grass, which shows an average germination of 64 per 
cent, would reproduce much more abundantly. Smooth wild rye, 
however, is one of the most aggressive species on the high grazing 
lands. The seedlings develop deep root systems, and a large per- 
centage of the young plants succeed in rather adverse situations. 

The grazing value of smooth wild rye is high. By many stockmen 
the plant is considered rather too coarse for sheep, though it is 
probable that its forage value in this respect is underestimated, 
since observations show that sheep readily graze it. Sheep rarely 
crop the flower stalks, because these are produced exceptionally 
early, and their rapid height growth soon puts the best part of them 
out of reach of the animals, and because the stalks are somewhat 
coarser than sheep relish and become unpalatable early in the sea- 
son. All things considered, however, this plant furnishes good 
forage by the time the upper ranges are grazed, and the herbage is 
consumed ravenously throughout the season. Horses are fond of 
the flower stalks, and° until the seeds are matured and disseminated 
the spikes or flower heads also furnish choice feed. Cattle graze the 
forage closely even after the seed has been disseminated. 


Waite Foxratin. 
(Sitanion velutinum.) 


White foxtail, often called wild barley, to which it is closely related, 
is undesirable on the range because of its low forage value and its 
ageressiveness on overgrazed areas. 

The plant derives its name from the prominent awns, which, with 
the entire spike, turn a light-straw color upon reaching maturity. 
It is a tufted perennial grass from 1 to 2 feet tall, the culms rather 
conspicuously spreading on the ground, the leaf blades mainly basal, 
somewhat involute and rough, the upper surface pubescent. The 
glumes are provided with long stiff awns, which, at maturity, are 
strikingly divergent (Plate XXV). 

White foxtail is most abundant in the Hudsonian zone. It is 
also found on the lower grazing types, though not to the same extent 
as on upland ranges. The situations most favorable to it are open 
glades of rather poorly disintegrated soils with moisture content 
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below the average. In the drought tests the individual plants wilted 
excessively in soil varying in moisture from 6 to 8.5 per cent. 

The flower stalks of white foxtail are among the earliest to appear, 
and are practically all produced by August 1. Matured seeds are 
found as early as August 15, and are practically all ripened by the 
end of the first week in September. Unlke most species, the seeds 
are not disseminated immediately upon reaching maturity, but per- 
sist for some time unless they are brushed off by direct contact or 
shaken off by some vigorous mechanical means. Wind is ineffective 
in bringing about a wide distribution of the seed, but stock, especially 
sheep, when they come in contact with matured plants, distribute the 
seed crop broadcast, the awns attaching themselves to the wool. 

Germination tests as well as observations on the reproduction of 
this plant on the range indicate a high viability. In 1907 and the 
two succeeding seasons an average of 43, 77, and 82.5 per cent of 
the seed germinated under controlled conditions. The best repro- 
duction is taking place on sparsely vegetated soils where the seed are 
worked well beneath the surface and where competition with other 
species is not severe. | 

The forage value of white foxtail is always low. In the spring, 
shortly after growth has started, the leaf blades are eaten by stock 
of all kinds, but this period is so short as to be negligible. Even 
before the majority of the flower stalks are produced the herbage 
becomes tough and harsh, and stockmen claim that the mouths of 
sheep become sore and tender if they graze it to any extent. As 
soon as the seeds begin to ripen white foxtail is almost wholly dis- 
regarded. If stock should consume any quantity, however, the awns 
may cause sore mouths and big throats, and the barbs even get into 
the eyes. Thus the plant is practically worthless, and the range 
would be better off by its absence. 


GRASSLIKE PLANTS. 


DISTINCTIONS BETWEEN GRASSLIKE PLANTS AND GRASSES. 


Stockmen, as a rule, do not distinguish between true grasses and 
erasslike plants such as sedges and rushes. The latter, because of 
their frequent occurrence in marshes, swales, along creek banks, and 
in other moist situations, are commonly referred to as ‘‘ water grass,”’ 
‘““wire grass,” ‘‘swamp grass,” etc., but the three distinct groups of 
grasses, sedges, and rushes are almost invariably spoken of collec- 
tively as ‘‘grasses.”’ 

Sedges, Carex, may readily be distinguished from grasses in the 
following simple ways: 

1. The stems of sedges are triangular, jointless and solid, the 
leaves 3-ranked, and the leaf sheaths closed. 
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2. The stems of grasses are generally hollow, cylindrical, and 
jointed, the leaves 2-ranked, and the leaf sheaths usually split. 

Rushes (Juncus and Juncoides) are readily distinguished from 
grasses and sedges by: 

1. The flowers of rushes are regular and, though diminutive, simi- 
lar in form to those of a lily, having a perianth composed of six 
bractlike scales, and with three to many small seeds borne in a capsule 
or small pod. 

2. The flowers of grasses and sedges are not symmetrical, the 
perianth being irregular and inconspicuous or obsolete, and are sub- 
tended by husklike scales, each flower producing but a single seed. 


SEDGES AND RUSHES. 


It is the general opinion among ranchers that, as compared with 
grasses, sedges and rushes are of low nutritive value. This idea is 
generally true, but when a grass species occupying a typical marshy 
bog is compared with sedges and rushes from a similar situation 
chemical analysis has shown that the food value differs but little. 
Practically all species of moist habitats are somewhat too succulent 
or ‘‘washy,” notably in the spring of the year, and while they are 
eaten with relish at that time they are doubtless more nutritious 
later in the season. 

A thousand or more species of sedges (Carex) have been described. 
They are widely distributed and are most abundant in temperate 
regions. In the United States approximately 500 species are found, 
about half of which occur in the Western States. The rush genus 
(Juncus) contains over 200 species. 


TaLtL Swamp SEDGE. 


(Carex exsiccata.) 


Because of its abundance, density of stand, and height growth, 
this species is one of the best-known sedges on the Wallowa National 
Forest. It ranges from 14 to 3 feet in height, has coarse leafy culms, 
and broad, thick, flat leaves of a light-green color. The spikes, 
developed sometimes as much as 4 inches below the staminate 
flower clusters, are very short-stalked (Plate XXVI). The root 
system is somewhat meager, and new growth takes place abundantly 
through stolons and rootstocks. 

The drought tests showed that this plant wilted destructively 
when the rich organic soil in which it grows contained, in the one 
case, 22.5 per cent of moisture and in the other 24 per cent. Ob- 
viously, therefore, the species is distinctly of the marsh type. In 
most perennial bogs, preferably in saturated soils, it grows pure, to 
the exclusion of other species (Plate X XVII). 
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In somewhat drier situations, such as over-irrigated meadows, it 
often produces a conspicuous growth, and when associated with some 
cultivated grass such as redtop, is cut for hay. Tall swamp sedge is 
most common in the Canadian zone, but also occurs along the border 
of the Hudsonian zone. 

The flower stocks begin to push forth about June 20, and are all 
out by the last week in July. The seed are comparatively slow to 
mature, practically none being found until the last week in August, 
while the entire crop is not ripened until September 15. In viability 
the seed ranks low. The average germination obtained from the 
tests made in 1908 and 1909 (no tests made in 1907) was 15.2 per 
cent. Low vitality in the seed of this plant, however, is of little 
significance, since the species propagates profusely by rootstocks. 

Compared with many other species of its class, the forage value of 
tall swamp sedge is high, and early in the season the herbage is eaten 
with relish by sheep. Owing to the sheep’s dislike for bogs, how- 
ever, many areas densely covered with this species are not visited 
until the soil becomes fairly dry. In the latter part of the summer 
the leaf blades become tough and harsh, and sheep do not consume 
them with the same eagerness as in the forepart of theseason. Horses 
are particularly fond of this plant. They graze it throughout the 
season and seem to do well upon it for short periods, but, if left free, 
withdraw to better-drained soils which afford a wholly different type 
of herbage. Miners and campers state that their pack animals eat 
tall swamp sedge readily, but are unable to do the usual amount of 
work when grazed exclusively upon it. It is probable, therefore, 
that its nutritive value is low. 


SHEEP SEDGE. 
(Carex illota.) 


Of the bog forage plants of the genus Carex, sheep sedge is possibly 
the most important. It is astoloniferous perennial or densely matted 
species about 1 foot tall, with culms usually exceeding by one-third 
the numerous grasslike leaves. The latter are narrow and smooth, 
and soft even when the plant is mature. Inconspicuous small 
spikes crowded into small dark brown heads distinguish it from cer- 
tain other associated species (Plate XXVIII). 

Sheep sedge is confined to mountain meadows, and rather closely 
to moist situations, though it persists in some which become com- 
paratively dry later in-the season. Conditions in the Hudsonian 
zone are well adapted to its highest development. The leaf blades 
wilted but recovered their Soci | in eae rich loam soil containing 14 
per cent of moisture. 

The flower stalks begin to appear about the middle of July and are 
practically all sent forth during the following three weeks. Matured 
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seeds are found about August 20, and by the end of the first week in 
September the whole seed crop has ripened. Data on the vitality 
of the seeds were obtained only in 1909, when an average from three 
tests gave 27.5 per cent germination. 

As its common name implies, sheep sedge is a highly relished 
sheep forage. The leaves are tender and juicy throughout the sum- 
mer, and the plant seems to be consumed with about the same eager- 
ness at all times during the growing season. Horses, too, graze this 
sedge with unusual eagerness, consuming flower stalks with the same 
avidity as the leaf blades. Since sheep sedge is restricted to moist 
habitats it is, of course, not very abundant, but in favorable situa- 
tions it holds its own remarkably well, and it is not uncommon to 
find it predominating over other sedges and more fastidious species 
almost to their entire exclusion. j 

Three other species, usually called marsh or water sedges, C. fes- 
tiva, C. vulgaris bracteosa, and C. tolmier subsessilis, are, on account 
of their general appearance, forage value, and distribution, often con- 
fused with sheep sedge. Of these, Carex festiva resembles it most, 
but differs in many minute characters (compare Plates XXVIII and 
XXIX). The leaves of Carex festiwa are much broader and coarser, 
and are rough on the edge, and the color of the plant is light green. 
The other two species, C. tolmier subsessilis and C. vulgaris bracteosa 
(Plates XXX and XXXI) have much more elongated spikes, of a 
brown-black color, which alone should eliminate confusion. The 
latter attains about twice the height of the former, and its culms are 
more acutely angular. The forage value of all three species is prac- 
tically the same, though C. vulgaris bracteosa is relatively less abund- 
ant than the other two. C. tolmiei subsessilis remains palatable to 
stock for a longer period than either of the others, but is more abund- 
ant in the alpine or upper subalpine regions, and therefore matures 
later, being of little importance as ies when the other species are 
of highest She 


ELK Grass. 
(Carex geyeri.) 


Of the dry-land sedges, elk grass is by far the most abundant. It 
occurs in the Canadian and Hudsonian zones, often as the predomi- 
nating species on exposed hillsides, and is among the earliest of the 
herbs to send forth its leaf blades. Many hillsides have been almost 
wholly vegetated by this species. 

Since elk grass produces new plants by stolons the growth is dense 
and segments of a tuft are almost inseparable (Plate XXXII). The 
signer angled, rough culms, about 1 foot high, exceed but slightly 
the harsh and rough-edged leaf blades. The spikes are slender, 
borne at the summit of the culm, the staminate flowers usually 
appearing above, and the pistillate (1 or 2 in number) below. 


PLATE XXXIII. 
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The very nature of the habitat in which elk grass succeeds indi- 
cates its unusual ability to withstand low moisture conditions. The 
soil in which it grows is a coarse gravelly one, which liberates the 
water more readily than finer soils. Drought tests resulted in the 
extensive wilting of all leaf blades of the plant only when the water 
content was reduced to 6.5 per cent, and in some instances slightly 
lower. This places elk grass very near the head of the list in its 
ability to exist under adverse moisture conditions. Flower stalks 
begin appear during the last week in June, and by July 20 practi- 
cally all are out. About the time that the last flower stalks are sent 
up matured seeds are found. By August 15 the seed crop is almost 
entirely ripened and disseminated. The seed has about average 
viability, the tests in 1907 and in the two subsequent seasons showing 
germinations of 6, 26, and 32 per cent, respectively. 

In the forepart, of the season elk grass is grazed with a certain 
amount of avidity, though practically every other grass species is 
preferred to it. It is only eaten by sheep up to about August 1, 
unless the stock are starved. After that date the leaves become so 
tough, hard, and fibrous that even horses will not graze it if other 
forage is available. Sheep always scatter widely when feeding upon 
it, doubtless searching for more palatable food. 


Rusu. 
(Juncus parryi.) 


Among the several species of rushes found on the highland ranges 
Juncus parryi is commonly met with, and in value is typical of 
other species which are abundant in the region studied. 

Like most rushes of the drier situations, Juncus parryi is tufted, 
and has woody, fibrous, deep-spreading roots capable of withstanding 
an unusual amount of abusive grazing. The stems are thin and wiry, 
from 4 to 10 inches long, and the cylindrical leaves are about half 
the length of the flower stems (Plate XXXIII); the inflorescence, 
usually 2 or 3 flowered, is surpassed by a bract similar to the leaves. 

Juncus parryi is confined to the high ranges. In the Hudsonian 
zone it occurs extensively in open, exposed situations on well-drained, 
often poorly disintegrated soils. It is usually associated with elk 
grass (Carex geyeri) and is just about as drought resistant, the 
specimens studied not wilting beyond recovery until the soil-moisture 
content was reduced to from 5.5 to 7 per cent. Above timber line 
it is found in considerable abundance in association with typical 
alpine species. 

On the lowest areas on which the plant occurs the flower stalks 
begin to show about July 10, and by August 5 nearly all have been 
sent up. Matured seeds are usually not found before August 25. 
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The viability of the seed crop has not been determined. Other species 
of the same genus growing in similar habitats have given results that 
are comparatively low. (See Table 2, p. 58.) 

The forage value of Juncus parry? is not especially high, resembling 
that of elk grass more than any of the other species described. Like 
the latter, this rush is eaten to some extent early in the season, but 
soon becomes extremely tough and unpalatable. For this reason, 
if other forage is available, it remains untouched by horses and 
sheep. Since it is grazed to such a limited extent, practically nothing 
is known of its nutritive qualities. 

A number of other rushes of minor importance occur throughout 
the mountains, the majority in moist soils. 


Woop Rusu. 
(Juncoides parviflorum.) 
This genus is closely related to the rushes and resembles them in 


general character. It may be distinguished from the latter, how- 
ever, by the leaf sheaths, which in this genus are closed and in the 


rushes open. Further, the seed vessel or capsule of Juncoides bears | 


3 seeds while in Juncus the capsule is many-seeded. About 60 species 
are on record and they are widely distributed. 

Wood rush is a tufted, hardy, perennial plant, the stems, com- 
monly 2 to 3 in a tuft, 1 to2 feet high. Asshown in Plate XXXIV, 
the grasslike flat leaves, usually about one-third the length of the 
flower stems, are wide and sharp-pointed; inflorescence a loose panicle, 
commonly 24 to 4 inches long, its lowest bract foliaceous, usually 
less than } the length of the panicle; flowers borne singly or 2 to 3 
together on the branches of the panicle on slender pedicels or stalks. 

Wood rush is strictly a high-range plant, and while found to a 
limited extent in the warmer situations of the Arctic-alpine zone 
it is almost entirely confined to the Hudsonian zone. The densest 
and most luxuriant growth occurs in the semihumid soils of exposed 
situations, though it is often found in considerable abundance both in 
well-drained soils and on forested areas. Its most common associate 
is tufted hair-grass (Deschampsia caespitosa) and black hair-grass 
(D. atropurpurea). In water requirements it is similar to the two 
species of hair-grasses, neither of which may be classed as highly 
drought resistant. It is usually unable to recover from a wilted con- 
dition in its natural habitat when the water content of the soil drops 
to between about 10 and 12.5 per cent. 

Since the plant grows only on the higher and relatively moist soils, 
the flower stalks seldom begin to show until July 20. Three weeks 
later practically all have been produced. Matured seeds are found 
about the time that the last flower stalks are sent forth, though the 
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main seed crop is not ripened until about September 1. The vitality 
of the seed, according to tests made in 1908-1909, is low, an average 
for the two seasons giving only 7.5 per cent. The plant regenerates 
vegetatively to a marked degree. 

No local species of the family to which wood rush belongs compares 
with it in forage value, in which respect it is of much more importance 
than certain species of grasses. It is relished by all classes of stock, 
but because of being restricted to high mountain lands not usually 
accessible to cattle and horses it is grazed almost entirely by sheep. 
The relatively moist and cool soil which it characteristically occupies 
tends to prevent rapid early spring growth, such as is made by plants 
in the better-drained and warmer habitats. Wood rush is therefore 
eaten with avidity when other species of high repute, as forage plants, 
are well along towards maturity and eaten with little gusto. Both 
sheep and horses have been observed to graze the leaf blades with 
eagerness, in preference to certain grasses and forage weeds, late in 
September. 

Wood rush is able to withstand an unusual amount of trampling 
and abuse in favorable habitats because of its density of growth. 
This-is due not to a particularly deep-root system, but rather to the 
density of the roots which ramify through the superficial soil layer, 
binding it so firmly as to prevent exposure of the roots by trampling. 


NONGRASSLIKE PLANTS. 


Besides the grasslike plants included in the preceding discussion, 
there are a number of other plants which furnish a large amount of 
the most valuable forage on the upland ranges. All classes of stock 
prefer a variety of feed, and sheep probably utilize a greater number 
of species than any other class. During certain periods of the year 
and under certain conditions, even where there is an abundance of 
comparatively palatable grasses, their choice forage is made up 
almost wholly of weeds and browse. A band of sheep when passing 
somewhat hastily over a range which supports an admixture of grasses, 
sedges, rushes, weeds, willows, elders, and the like, first eat the tender 
weeds and leaves of shrubs, while the grasses are not grazed, except 
to a limited extent, until the other kinds of forage have been largely 
consumed. On many of the upland ranges on the Wallowa National 
Forest there is a superabundance of weeds and here and there a 
number of shrubs, and since these ranges are accessible in the main 
only to sheep, the areas supporting these nongrasslike species are 
very closely cropped. 

Owing to the great variety of this class of feed and the large number 
of species grazed by sheep, only the species of first importance are 
discussed. These have been arranged in families and according to 
their botanical relationships. 
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Liliaceae: - .. co. oat See wiele sicis s o's iclefelnneis anle sso Siete ated Lily. 
Allium validum. 
Allium platyphyllum. 


Allium fibrillum. 

Molantnacese. 2.2.20 le oe hc Boo cosh aa tees one eRe ee Bunchflower. 
Veratrum viride. 

Salieaceae-o.- sss nak oie 0 25 2s 2S el eee Willow. 
Salix scouleriana. 

Polyponacese x: 22.52.52 2255.20. S25 ons oat ce ae eee Buckwheat. 
Polygonum phytolaccaefolium. 

Geraniaceae <2. oe oes 2 te ee eee Geranium. 
Geranium viscosissimum. 

Onagracese. 242.2005. bs ee See Evening primrose. 
Chamaenerion angustifolium. 

Apiaceae... . 525. <2. 2-c- ese s- ate ss dee eee eee Parsnip. 
Tngusticum oreganum. 

Polemoniaceae. .. . 2... 22. tlade Se - sen se Oa oe Phlox. 
Polemonium pulcherrimum. 

Vacciniaceae- (22.2. 255-35 22. Ee eee Bee ee Blueberry. 
Vaccinium membranaceum. 

Menthacease 222-2 5622 5 2s Sa SO SS Mint. 
Agastache urticifolia. 

Scrophulariacese~.. 2.22. 220 see 2 oe eee Beardtongue. 
Pentstemon procerus. 

Caprifoliacese 2202. S25). 22 is 2 A oo Honeysuckle. 


Sambucus melanocar pa. 
Sambucus glauca. 


Valerianaceae.i3. 0.5 ahs oe a Ot Valerian. 
Valeriana sitchensis. 

Cichoriacese= .. 2.222.255.) eS SS eee Chicory. 
Meracium cynoglossoides. 
Agoseris glauca. 

Asteraceae... .. 0. . 25 s.c ootene dene bees eben ae eee eee Aster. 


Rudbeckia occidentalis. 
Achillea lanulosa. 
Senecio triangularis. 
Senecio columbianus. : ‘ 
MountTAIN ONION. 


(Allium validum.) 


Onions belong to the lily family. About 275 species have been 
described, and 40 or more are found in the western United States. 

Mountain onion, an account of its abundance, size, and the relish 
with which it is eaten, is one of the most valuable of these plants. 
It usually attains a height of 1 to 2 feet. The bulbs differ from those 
of other local species in being narrow and much elongated. They 
are provided with a rose-white, delicate covering. The rootstocks are 
unusually stout, and the plant makes a bunched growth, producing 
a heavy, dense rose-colored or nearly white flower cluster (Plate 
XXXYV). Mountain onion is restricted to the Hudsonian and timber- 
line regions. It belongs to the group of plants which require a moist 
or even wet soil throughout the year and occurs in wet meadows 
aod springy places within the altitudinal limits of its range. The 
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minimum soil moisture content capable of maintaining it was found 
to be between 14 and 16 per cent. As a usual thing this plant grows 
in close association with marsh sedges and rushes, though it fre- 
quently produces a dense growth that crowds out other species. 

The flowers begin to unfold during the first week in July, and nearly 
all are out by the end of the first week in August. Unlike grasses, 
whose pollen is carried to the flower by the wind, flowers of this and 
other onions obtain their interchange of pollen mainly through the 
visits of insects. The seeds are comparatively late in maturing, 
seldom beginning to ripen before the last week in August, and unfav- 
orable weather conditions often prevent ripening. The average ger- 
mination of the seed crop in 1908 and 1909 was 37 per cent. Con- 
sidering the lateness of the maturing period, these figures are above 
the average. 

The palatability of the mountain onion as compared with that of 
other plants growing with it is pronounced. When sheep first visit 
an area containing this particular onion in association with sedges, 
rushes, and the usual plants of such habitats, the majority of the 
other species are almost wholly disregarded until the onions have 
been grazed off. Few, if any, of the marsh plants are eaten with 
more eagerness than mountain onion. The flowers are usually 
cropped first, but the long flat tender leaves are apparently consumed 
with about the same relish. 

‘Several species of onion occur on the upland ranges, but they fur- 
nish only a small amount of the range forage, though eaten greedily 
by nearly all classes of stock. Of these species the small wild onion 
(A. fibrillum) is the mostimportant. This is the earliest of the species, 
doubtless from the fact that it is almost entirely confined to scablands. 
Itis asmall plant (Plate XXXVI), usually not over 6 inches in height, 
and has a cluster of white flowers which are expanded shortly after 
the disappearance of the snow. It is valuable only as an early range 
plant, and by August 1, like most other onions in similar situations, 
completes its growing period, dries up, and disappears. Wild onion 
(A. platyphyllum) is another important high mountain form, very 
similar economically and ecologically to A. fibrillum. 

One objection to grazing sheep upon onion is that the mutton is 
flavored by it. This objection is not serious, however, since the 
plants are usually grazed early in the spring when there is little or 
no output of mutton, and the flavor is soon lost when sheep are 
put upon other forage. 


FatszE HELLEBORE. 
(Veratrum viride.) 


False hellebore, sometimes known erroneously as skunk cabbage, 
is a close relative of the lilies. In appearance it resembles the true 
hellebore (Veratrum album), from which it derives its common name. 
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False hellebore is a perennial herb, 14 to 6 feet tall. Just beneath 
the ground the stalk becomes fleshy and much expanded, and from 
this protrudes a number of rootstocks and from 35 to 40 coarse, 
“‘ropy,”’ tough roots, the latter penetrating the soil to a depth of 
about 20 inches. The stem is very stout and has an abundance of 
short-petioled or sessile, acute and broad leaves; the panicle is elon- 
gated, drooping, and provided with a profusion of green flowers (Plate 
XXXVI). 

False hellebore flourishes best in a comparatively wet soil. It 
grows densely in marshy basins, along creek banks, and in swales of 
nearly all kinds in the upland ranges of the Hudsonian zone. It 
wilts notably, in most cases beyond recovery, when the soil water 
content is reduced to from 11 to 14.5 per cent. The flower stalks 
rarely put in their appearance until about August 5, and in certain 
places the flowers do not unfold until September 1. The lower 
flowers expand first, and the lower part of the panicle is the first to 
mature the seed. Dissemination takes place shortly after maturity, 
and since the seeds are flat, broad, and winged, they are well scattered. ; 
The earliest seeds to ripen in 1909 (about August 25) showed an } 
average germination of 24 per cent. Those which matured after 
September 5 had practically no viability. 

The forage value of false hellebore varies with the time of year, 
though in a way opposite from that of most grazing plants. Except 
very early in the spring, prior to the expansion of the leaves, when 
the young shoots are grazed by sheep to a certain extent, it is seldom 
eaten until after one or two rather severe frosts. Usually not until 
after August 15 is any considerable portion of the plant grazed with 
much relish on upland ranges, but later in the fall sheep eat it. In 
many instances only 3 or 4 inches of the coarse stalk is left. The 
leaves and pithy portion of the stalk are the parts relished. 

Stockmen generally hold that this plant is poisonous if eaten 
before it has been frosted. To what extent false hellebore has a 
toxic effect on stock early in the season is not known, but no authentic 
cases are on record where sheep have been poisoned by it. The 
short rootstocks are no doubt poisonous, but late in the season, at the 
time when the plant is generally grazed, the roots are rarely pulled up. 


Frre WILLow. 
(Salix scouleriana.) 


In the region studied the willow family, including poplars or 
aspens, furnish more first-class browse than any other group. Fire 
willow, or Nuttall’s willow as it is sometimes called, is a common 
invader of burned-over lands, where it is the most important 
species. 
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i WILD BUCKWHEAT (POLYGONUM PHYTOLACCAEFOLIUM). 
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GERANIUM (GERANIUM VISCOSISSIMUM). 


A portion of the coarse root is shown on the left, 


IMPORTANT RANGE PLANTS. 4] 


Fire willow rarely develops into tree form in the region studied, 
though elsewhere it often attains a height of from 15 to 25 feet and a 
diameter of 8 inches. The leaves are of alight shade beneath, smooth, 
and free from hairs on the upper surface. The midrib is prominent 
and yellow (Plate XX XVIII). 

This willow grows along mountain streams, in canyons, and on 
gentle slopes in damp leaf litter or rather poorly disintegrated soils. 
While it is sometimes sparsely scattered it more often grows in dense 
clumps. On burned-over areas in canyons and on gentle slopes 
where the soil has not been rendered sterile, it often produces dense 
low thickets. On the Wallowa National Forest where it grows in 
close association with snow bush or buck brush (Ceanothus velutinus) 
in the Canadian zone, it forms what is known as chaparral. In the 
Hudsonian zone it occurs more sparingly. 

Male and female flowers are borne on different bushes, the seed 
production, of course, being confined to the female ones. The seeds 
ripen in the spring about the time the leaves have reached full 
development. The little pods open up soon after maturity and 
liberate the silky hairy seeds, which are widely distributed. 

No tests were made of the viability of the seed of this species. It 
produces an abundance of seed, but reproduction is mainly vegetative. 

In the Wallowa Mountains fire willow is the preeminent browsing 
plant. The low and spreading habit of growth adds greatly to its 
value as a sheep forage, and the time at which the leaves are developed 
renders it valuable as an early browsing plant. As high as sheep can 
reach, the branches are stripped of their leaves, though the bark is 
seldom eaten. Since this plant makes a comparatively rapid growth, 
a portion of the branches are soon beyond the reach of sheep and 
injury from severe grazing is unusual. In fact, the more sheep 
browse on the willow the denser becomes the growth. This is due to 
the vigorous and persistent sprouting of new branches as a result of 
the trimming back of the young shoots through grazing. Even when 
a bush is cut to the ground a number of young shoots are produced. 


Witp BuCKWHEAT. 
(Polygonum phytolaccaefolium. ) 


This plant belongs to the well-known buckwheat family; the genus 
is represented by some 70 species in the United States. 

Wild buckwheat is a perennial with a coarse, fleshy, sparsely 
branched but deep root. It attains a height of about 2 feet; the 
stem is well supplied with comparatively large, oval-shaped leaves, 
and panicles of rather small greenish white flowers (Plate XX XIX). 

The species is mainly confined to exposed situations in the Hud- 
sonian zone, though it occurs to a limited extent in both of the 
bordering zones. It attains its best development on mountain 
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slopes in a soil with the average amount of moisture.t While it 
seldom grows pure, it is common enough in mixture with grasses of — 
various kinds to give character to the range. 

Flower stalks appear from about the latter part of the second week 
in July until August 5. Matured seeds are found as early as August 
1, while the major part of the crop is matured by about August 25. 
Though the seed crop is ripened early the vitality is not high. The 
average germination obtained in 1908 and 1909 was 3 and 13.5 per 
cent, respectively. 

Since wild buckwheat inhabits comparatively dry situations, it 
resumes growth early in the spring and by July 15 has produced an 
abundance of leafy herbage which is greedily eaten by sheep. After 
about the last 10 days in August, when the leaves begin to dry up, 
the plant is no longer relished. In many places where the natural 
reseeding experiments are being conducted good reproduction of this 
species has been secured. It withstands trampling remarkably well, 
and is promising as a plant for the revegetation of depleted ranges 
under a system of deferred grazing. The nutritive qualities of wild 
buckwheat are generally considered to be high. 


GERANIUM. 


(Geranium viscosissimum. ) 


Geranium belongs to the same family as the well-known alfileria 
or ‘‘filaree,’’ which is so valuable for grazing in certain sections of the 
country. It is a coarse, much branched, and leafy species (Plate 
XL), from 1 to 2 feet high. Both the branches and the upper side 
of the leaves are covered with fine hairs; the leaves are long petioled, 
large and thick, deeply three-parted; the petals pink or purple, 
sometimes fading to barely white. The root is very coarse and tough, 
and rather deep, but not branching. 

in the Transition zone this plant is sufficiently abundant to be of 
considerable value for grazing, and is nearly as common in the 
Canadian zone, occupying open glades and parks and canyon bot- 
toms and hillsides, in medium moist, preferably gravelly, loam soils 
rather rich in humus. It rarely grows in dense stand, but in fayor- 
able situations is often conspicuous, especially during the flowering 
period. It is usually associated with Indian paint brush (Castilleja) 
and yarrow (Achillea). 

The flowering period extends over approximately one month. On 
the lower ranges it is among the first of the perennial plants to bloom. 

1 In determining the water requirenents of this species, it was almost impossible to obtain reliable data 
by the methods used because of the deep “‘taproot”’ which, if only slightly injured, would result in death 
to the plant within a few hours. An average of all tests attempted showed that it was unable to absorb 
water at a rate sufficient to reestablish turgidity from the soil in which it grows when the content was 


reduced to between 8and 10 percent. Judging from the species with which it is associated and the habitat 
in which it grows, these figures appear to be somewhat high. 
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In the Canadian zone the flowers begin to unfold about June 20, and 
by July 20 most of them have expanded. The seed matures from 
about July 25 to August 15. In 1909 the seed crop from the Canadian 
zone germinated 29.5 per cent. Reproduction on the range in 
general is taking place slowly. 

Geranium is one of the choice forage plants for cattle and sheep. 
Since it grows in abundance on the cattle and sheep allotments, it is 
equally valuable to both classes. of stock. When it is young all but 
the lower portion of the coarse stem is eaten, but later only the 
flowers, immature fruits, and leaves are grazed. About the time 
that the seed crop has matured the leaves dry up and the plant 
loses much of its forage value. 


FIREWEED. 
(Chamaenerion angustifolium.) 


Chamaenerion angustifolium is given its name, fireweed, because of 
its prevalence on burned-over forest lands. This species is the most 
valuable perennial grazing plant of the evening primrose family. 
It attains a height of 2 to 5 feet, depending on the situation. The 
cylindrical stem bears an abundance of long, slender, nearly entire, 
thin leaves, and the inflorescence consists of a raceme of delicately 
pink or nearly white, or sometimes purple, flowers developed at the 
apex of the stem (Plate XLI). The long, slender capsules split into 
four divisions at maturity, liberating the numerous minute seeds 
provided with a tuft of long silky hairs, by means of which they are 
carried great distances by the wind. 

In the Wallowa National Forest fireweed is most abundant on 
burned-over areas in rather dry, often coarse, gravelly and even 
sterile soils in the Canadian zone. It also occurs in both of the con- 
tiguous zones, though never in pure stand. It is one of the first 
species to invade heavily burned lodgepole-pine forests. 

Fireweed is drought resistant, comparing in this respect with some 
of the grasses which grow both in moist and in dry situations. The 
plants were found not to wilt excessively until the soil moisture was 
reduced to between 8.2 and 11.5 per cent, depending upon the par- 
ticular soil type. In the moister places, where decayed vegetable 
matter is more abundant, the moisture requirement figures are 
higher. 

The production of flower stalks, like the seed-maturing period, 
continues for an unusual time. In the warmer situations flowers 
begin to unfold as early as June 20, and in a few places buds are 
found at the apex of the raceme as late as the early part of August. 
The lower flowers are first displayed, and as the season advances 
there is a gradual sequence or succession in the flowering toward the 
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apex of the raceme. Accordingly, while the upper part of the raceme 
is in full flower the lower portion often has well-developed seed pods. 
In some cases the seed reaches maturity on the lower parts of the 
raceme while buds are still forming on the upper portion. The seed- 
maturing period begins about August 1 and continues until inclement 
weather sets in. 

While the viability of the seed is not high, the average for that 
collected in 1908 and 1909 being 21.5 per cent, the earlier maturing 
seed runs from 10 to 12 per cent higher than that maturing later. 
The amount of seed produced is unusually large and reproduction is 
very abundant. 

When young, fireweed is eaten with great avidity. As the season 
advances, however, the stem become fibrous and unpalatable, and 
after August 1 only the flowers and leaves are grazed, the stem being 
left quite naked. Few if any ‘‘weeds” are more relished by sheep 
than fireweed. Horses, too, eat it to a limited extent, and cattle 
eraze it ravenously. Since it begins growth early in the sprmg and 
is late in reaching maturity, it furnishes a much relished feed durmg 
the greater part of the summer grazing period. 


Witp CELERY. 
(Ligusticum oreganum.) 


Ligusticum oreganum, sometimes called wild parsnip, belongs to 
the same family as cultivated celery, parsnip, and carrot, and in the 
region studied is called both wild celery and wild parsnip. It has the 
characteristic parsnip aroma, and resembles the parsnip somewhat 
in the appearance of the leaf (Plate XLID). It should not be con- 
fused with the poisonous water hemlock, which is found in wet soils 
and is sometimes called ‘‘wild parsnip.” 

Wild celery is a smooth perennial with large aromatic, sparsely 
branched roots. The leaves are numerous, nearly all basal, and com- 
pound, being ternately (in three) then pinnately divided; the umbel 
is made up of numerous rays with many narrow pointed bracts sur- 
rounding the flower cluster. 

The plant is distinctly one of the Hudsonian zone. It occurs on 
all exposures and slopes, but prefers deep, loose, porous and friable, 
well-drained soils of medium moisture content. Since it does not 
regenerate by offshoots from running rootstocks, it probably is not 
capable of forming, even under most favorable conditions, pure or 
nearly pure stands. It is most commonly associated with mountain 
bunchgrass, short-awned bromegrass, and other species inhabiting 
the better soils or glades. Its water requirements are higher than 
those of its associates. The plant wilts usually beyond recovery in a 
soil whose water content varies from 8 to 9.5 per cent. 
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SKUNK WEED (POLEMONIUM PULCHERRIMUM). 


FF Only a portion of the creeping rootstock is shown. 
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HIGH HUCKLEBERRY (VACCINIUM MEMBRANACEUM). 
Showing edible mature berries, 
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The leafless flower stalks begin to show about the second week in 
July, and are nearly all developed during the succeeding four weeks. 
The seed crop matures, on the average, from about August 15 to 
September 10, and is disseminated immediately afterward. 

The seed has low viability. In 1907 and in the two succeeding 
seasons a germination of 2, 6, and 11.5 per cent was obtained. 
The plant, especially the fruiting parts, is very sensitive to frost, 
which may account in part for the low viability of the seed, since 
after August 15 frosts are frequent in the situations where it grows. 
Reproduction is taking place sparingly on the range in general, and 
even on the allotments that are in process of reseeding under deferred 
grazing. 

Wild celery may be utilized quite as early for grazing purposes as 
the majority of the grasses, and furnishes ideal feed for sheep from 
July 20 to August 25. Horses sometimes eat it, though only to a 
limited extent. Unlhke most plants, it is eaten with quite as much 
relish late in the season as early in the summer. After about August 

25 it is not valuable for forage, the leaves being killed by frost, 
leaving only the naked flower stalk. 


SKUNKWEED. 
(Polemonium pulcherrimum. ) 


Skunkweed, so called because the plant has an odor somewhat 
suggestive of a skunk, is a fine hairy plant from 4 to 8 inches in 
height, with sparingly branched slender stems. The leaves are basal 
and compound, the oblong leaflets numbering from 7 to 15 or even 
more. The corolla of the clustered flowers is blue, turning very 
pale or nearly white before dropping. The root system is exception- 
ally superficial and spreading (Plate XLIII). The plant grows in 
tufthke patches of shoots arising from creeping rootstocks. If a 
single plant is pulled from the ground in a loose soil most of the 
lateral roots, as well as the main root, come up with it. 

Skunkweed is confined almost exclusively to the Hudsonian zone. 
While it often produces a conspicuous and luxuriant growth in the 
open, it prefers the somewhat diffuse light of open forest lands. In 
exposed situations, where the soil type is relatively coarse in texture, 
the plant does not succumb from excessive transpiration until the 
soil-water content is reduced to 7 per cent, and in protected situa- 
tions, where the soil texture is rather fine, death due to wilting comes 
when the water content is reduced to 10 per cent. 

The flowers begin to open during the second week in July and 
bloom throughout August, though after the middle of the month 
most have expanded. About August 20 the seeds begin to ripen, 
and this continues as long as the season is favorable. The seed crop 
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is comparatively fertile. In 1908 and 1909 an average germination 
of 41.5 and 32.5 per cent was obtained. 

Since skunkweed grows above the range ordinarily grazed by cattle, 
it furnishes only sheep forage. It is eaten ordinarily with about the 
average amount of relish, and at times ravenously. It is best for 
grazing purposes from about July 20 to the last week in August. 
At the latter end of the season the foliage is frequently frostbitten 
and dry. 


~ HicH HuckLEBERRY. 


( Vaccinium membranaceum.) 


High huckleberry is the most valuable grazing species of its family 
in the region studied. Itis a much branched and leafy shrub from 1 
to 4 feet tall (Plate XLIV), the twigs shghtly angled, leaves thin, 
not shining, short-petioled. The flowers are inconspicuous and soli- 
tary, and the corolla, usually five-toothed, is greenish or purplish in 
color. The berry, when mature, is purplish black. It is slightly 
acid and is highly valued as food. 

High huckleberry is confined to the Transition and Canadian zones, 
being most abundant in the latter. It is commonly found under 
yellow pine, fire willow, and lodgepole pine, and accordingly endures 
a considerable amount of shade. It is characteristic of strongly acid 
or sour soils, and is rarely, if ever, found on limestone or even neutral 
soils. 

On the lower elevations the flowers begin to appear about June 1, 
and by July 1 most of them have expanded. The berry begins to 
develop dark pigment as early as July 15, and the ripening period 
continues until about the first week in September, at which time 
most of the berries are clinging. Since the berries are palatable to 
both birds and animals, they are almost entirely consumed, and seed 
distribution is thorough. 

Sheep browse this plant with avidity, and it is grazed from about 
June 15 to late in the autumn, though it is most palatable early in 
the season. : 

Throughout the Canadian and Hudsonian zones and up to the 
limits of tree growth another species, known as red huckleberry 
(Vaccinium scoparvum), occurs in even greater abundance than the 
high huckleberry. As a forage plant, however, it does not compare 
with the latter, though it is grazed to a limited extent. This species 
also is confined to acid soils. 

HORSEMINT. 


(Agastache urticifolia.) 
Horsemint is the most widely distributed representative of the 


mint family in the Wallowa Mountains, and is of the highest value 
for grazing. 
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It is an erect smooth perennial plant from 1 to 3 feet tall, with 
square stems and opposite, petioled leaves, the margins coarsely and 
irregularly toothed. The flowers are clustered in a dense terminal 
spike, the corolla pink-white or sometimes light purple. The root is 
coarse, fibrous, woody, and rather spreading (Plate XLV). 

Horsemint is widely distributed, It is met with occasionally in 
the Transition zone, and is abundant in the Canadian and Hudsonian 
zones. Though occurring but sparingly in the upper altitudes of the 
latter zone, it is of considerable value for forage up to 8,000 feet. 
The best development and densest stands are found in loose soils 
of medium moisture on the glades in the upper Canadian and lower 
Hudsonian. While it often predominates over associated species in 
the better and moister soiis, it almost always grows in scattered 
stands, especially in shallow, coarse, gravelly clays. 

The flowers begin to form about July 10, but all are not expanded 
as a rule until August 20. Fertilization is largely effected through 
insects, mainly bees. The two-lipped corollas drop soon after 
fertilization. 

Matured seeds are usually found by the last week in August though 
the entire crop is rarely ripened until about September 10. The 
matured, brownish-black, plump, hard-coated, oval seed-like nutlets 
are not disseminated at once, but are readily expelled when the seed 
cluster is vigorously shaken, shooting out some distance from the 
parent plant. For a high-range plant the germination power of the 
seed is about the average. In 1908 and 1909 representative samples 
gave an average of 16 and 28.5 per cent, respectively. Where this 
species is given a chance to reproduce, i. e., on ranges where the seed 
crop is allowed to mature prior to grazing, reproduction is taking 
place, though sparingly. The actual amount of seed produced per - 
plant is relatively small, and since only about one-fourth is fertile 
the species is succeeding as well as might be expected. 

Horsemint begins growth early in the season and matures late 
and consequently is relished by stock at all times during the summer. 
Both sheep and cattle eat it with much relish, though sheep graze it 
with greater avidity. Horses eat it only to a limited extent, and it 
can not be considered of value for this class of stock. Until the 
flowering parts begin to drop the entire cluster is consumed, so that 
early in the season the whole plant is eaten. After about August 10 
only the leaves are grazed. Since younger leaves remain green some 
little time after seed maturity, horsemint is preferred in the fall of 
the year to some of the more valuable grasses and forage plants. 


BLuE BEARDTONGUE. 
(Pentstemon procerus.) 


About 100 species of Pentstemon are found in the United States 
and Mexico, many of them of value for grazing. Blue beardtongue 
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is the most highly relished as well as the most abundant of the 
various species on the high range lands of the Wallowa National 
Forest. . 

Blue beardtongue is a perennial with conspicuous lateral running 
rootstocks which send out a number of shoots reaching a height 
of 4 to 12 inches. The whole plant is smooth and somewhat shiny; 
the lower leaves are long petioled, smaller than those arising from 
the middle of the stem; the upper leaves are small and without 
leaf stalks (Plate XLVI). Thee flowers, usually 5 in a cluster, are 
arranged in whorls. The bright blue corolla is lipped, the lower 
lip bearded within. As in all beardtongues, one of the five stamens 
is sterile, and in this species it is distinctly bearded also. 

This plant is conspicuous in the Hudsonian zone, though it grows 
in varying abundance at lower altitudes. Open parks and medium 
moist meadows of deep, loose, but well-drained soils are the favorite 
habitats. In moisture requirement it resembles wild celery (Ligus- 
ticum oreganum), with which it is commonly associated. In the 
characteristic soil type in which blue beardtongue grows, wilting 
beyond recovery does not occur until the soil-water content is 
reduced to from 10 to as low as 8 per cent. 

The flowers begin to open about July 10, and all are out by August 
15. About the time the last flowers expand the first matured seeds 
are found, though, of course, on different plants. The seed tested 
in 1909 showed a viability of 18.5 per cent. In previous years no 
germination studies were made. Under favorable conditions on 
protected ranges, however, reproduction is excellent, and it is appar- 
ent that this plant will increase in abundance under the deferred- 
erazing system. 

Blue beardtongue seems to be eaten by sheep with more eagerness 
than any of its allied species. Since its growth begins promptly in 
the spring, it furnishes a fair portion of the valuable early forage. 
The leaves, but not the stems, are eaten even after the seeds have 
matured, though they are not as palatable as.earlier in the summer. 
The plant is of highest value for grazing between about July 15 and 
August 20. 

Besides the blue beardtongue three species of Pentstemon, P. deus- 
tus, P. fruticosus, and P. venustus, all grazed at certain times in the 
season, are common in the Wallowa Mountains. 


MounTAIN ELDER. 
(Sambucus melanocar pa.) 


Mountain elder is a shrub with stems 3 to 6 feet high rising in 
profusion from a common crown; twigs of one year old growth 
smooth, shiny green-brown and slightly angled, the pith yellow- 
brown; bark of the older branches rather thick, rough, dark yellow- 
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MOUNTAIN ELDER (SAMBUCUS MELANOCARPA). 
Observe the smooth bark of the young twig in contrast to the coarse bark of the older branch. 
48 
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MOUNTAIN ELDER (SAMBUCUS MELANOCARPA). 


‘ eee ee of the palatability of mountain elder, sheep usually leave the lower branches quite bare of 
oliage. 

Dead clumps of mountain elder are often found on the range, Since the species is comparatively 
short lived this condition may be due, in part at least, to age. 
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brown; leaflets 5 to 9, smooth or slightly hairy, light green on the 
lower side. As shown in Plate XLVII, the flower clusters are 
convex, as broad as high, the flowers white, fruit shiny black, 
without bloom. In the lower elevations this species is associated 
with blue elder (S. glauca), which is readily distinguished by the 
white pith in the year-old stems, the treelike form of the older 
plants, the flat-topped flower clusters and the chalky bloom on the 
black berries which gives them a bluish appearance—thus the name 
blue elder. 

Mountain elder is most abundant on hillsides, in the bottom of 
mountain canyons, in ravines, and along brooks and mountain 
streams in fertile, friable, gravelly soils of varying degrees of mois- 
ture. It occurs in the Transition and Hudsonian zones, but is 
more abundant in the Canadian, often in association with ninebark 
(Opulaster pauciflorus), western larch, Douglas fir, and open stands 
of lodgepole pme. It prefers open situations, though partial shade 
does not prevent luxuriant growth. 

The attractive white-flower clusters begin to show about July 15 
on the higher ranges, and earlier on the lower ones. About Sep- 
tember 1 most of the inerdies have reached full development. These 
are eaten by birds and a few mammals, a wide dissemination of the 
seeds being thus insured. No germination tests were made of this 
species, but observations on the range show that it is reproducing 
well. 

As a browse it is as valuable, though not nearly so abundant, 
as willow. In localities where the two are associated elder is browsed 
first. Because of its low branching habits and the unusual relish 
with which it is browsed there is danger of mountain elder being 
eaten too closely. A common example of such a condition is shown 
in Plate XLVIII. 

Mountain elder is also highly relished by sheep and is grazed with 
relish at times by cattle. It occurs mainly in the Transition zone, 
but never in great abundance, and therefore is not highly important 
as a browsing plant. 

VALERIAN. 


(Valeriana sitchensis.) 


Valerian is one of the most characteristic plants on old burns in 
the Hudsonian and upper Canadian zones where the soil has not 
been rendered sterile and the moisture conditions are about average. 
It is a perennial and attains a height of from 1 to 2 feet; the stem is 
slender with usually three pairs of pmnately compound leaves, the 
lower long-petioled (Plate XLIX). The flower cluster is dense and 
contracted, the corolla tubular and pinkish white; from the woody, 
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horizontal, creeping rootstocks long fibrous roots are developed. 
The rootstock is peculiarly aromatic. 

Valerian prefers a rather porous, somewhat gravelly, and com- 
paratively deep fertile soil, but does not require a large amount of 
moisture, as it made average development in such soil where the 
minimum water content was only 9 per cent. Destructive wilting 
came, however, when the water content was reduced to between 
7 and 8.5 per cent. 

The plant begins to flower profusely about July 15, and by August 
15 nearly all the flowers have expanded. The seed crop matures 
from August 20 to the close of the season, some individual plants 
never reaching maturity. The early-maturing seed in 1908 and 
1909 germinated 21.5 and 26 per cent, respectively. On protected 
ranges reproduction is taking place sparingly. 

Both cattle and sheep are very fond of valerian at nearly any 
time during the summer, but it grows in greatest abundance on 
the sheep ranges. On burns covered with dead and down timber 
sheep search for it and graze it quite as readily as the fireweed, 
with which it is commonly associated. Early in the season the 
flowers, leaves, and lower portion of the stem are consumed; later 
in the summer only the flowers and leaves are eaten. 


Mountain DANDELION. 
(Agoseris glauca.) 


Mountain dandelion, so called because of its abundance on the 
upland ranges and similarity in appearance to the ordinary dande- 
lion, is a milky-juiced perennial from 4 to 8 inches high. In loose 
soils it has a sparsely branched taproot, which penetrates to a.depth 
of 1 to 2 feet, but in rocky soils the root is usually branched. The 
oblong basal leaves, generally tapering to the apex, are smooth and 
somewhat shiny, while the flower stalk, about a third longer than the 
leaves, is covered sparsely with coarse hair (Plate L). ‘The solitary 
head of yellow flowers is borne at the summit of a naked stalk; the 
mature seeds bear a crown of copious, slender, simple, white, bristle- 
like hairs. 

While this species occurs to a limited extent on the lower ranges, 
it is much more abundant on the grazing lands in the Hudsonian 
zone. On open plateaus and well-drained glades of loose, gravelly, 


deep, clay loam it grows most luxuriantly. It is fairly drought — 


resistant, not wilting excessively in the finely disintegrated soil in 
which it naturally occurs until the soil-water content is reduced to from 
8 to 10 per cent. In favorable situations the stand is compara- 
tively heavy, but ordinarily it is rather scattered. 

The flower stalks begin to appear in the latter part of July, and by 
August 15 nearly all are in evidence. This is somewhat later than the 
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VALERIAN (VALERIANA SITCHENSIS) 
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MOUNTAIN DANDELION (AGOSERIS GLAUCA). 


Showing expanded flower and matured fruit not yet disseminated. 
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average. The seed crop, too, is produced late. A few matured seed 
heads are seen about August 10, but most of the seed reaches maturity 
in September, often in the latter part of the month. Fortunately 
this plant is very resistant to frost, and consequently the seed con- 
tinues to develop after many other species, such as wild celery, have 
been killed. 

The vitality of the seed crop, taking into account that produced 
both early and late in the Hudsonian zone, gave an average of 29, 
38, and 41 per cent, respectively, in the three years of test. 
Mountain dandelion is reproducing comparatively well on the range, 
and promises to respond favorably to any system of protection which 
will allow the seed crop to mature. 

Sheep seek the plant in preference to many grasses and weedy 
species. Each season it is eaten down to the ground, leaving only 
the coarse base. In the early part of the summer, and even until the 
seeds are nearly mature, the young, tender, juicy flower stalks, leaves, 
and even the flowers, are eaten with avidity. Few other species 
enjoy as long a growing season. In 1909 the leaves were still green 
and highly palatable to sheep on October 1. The seeds are usually 
not disseminated for a considerable time after maturity, but the 
hairy appendages which are the means of affecting their dispersal by 
the wind are not objectionable to stock. 


Woo.ty WEED. 
(Meracium cynoglossoides.) 


To see this peculiarly woolly plant, sometimes referred to as woolly 
hieracium, one would hardly think of it as valuable for forage. Sheep- 
men state, however, that the only objection is that it does not occur 
more abundantly. 

It is from 1 to 2 feet in height with numerous leaves arising from 
the crown of the perennial, coarse and much-branched root, and an 
abundance of leaves on the stem. The dense covering of fine soft 
hairs on the stem and leaves gives it a very distinctive character 
(Plate LI). 

It is unusual to find a dense ground covering of woolly weed. It 
grows almost invariably with other weedy perennials, such as moun- 
tain dandelion, blue beardtongue, and numerous grass species, among 
which it seldom predominates. In soil and moisture requirements it 
is almost identical with mountain dandelion. Individual plants 
wilted beyond recovery in soil varying in water content from 8 to 
10.5 per cent. These figures are similar to those obtained in the case 
of certain bunch grasses with which woolly weed is associated. 

The flower stalks are produced between July 15 and August 20, 
the greatest number being sent up after August 1. The seeds begin 
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to ripen about August 25, but owing to the late date of the flower- 
stalk production only a small seed crop is matured. In 1908 and 
1909 only 9.3 and 12.5 per cent, respectively, of the seed showed fer- 
tility. From these figures and from observations on the range, it does 
not seem likely that a marked increase in the species can be effected 
by range protection and improved methods of handling. 

If palatability and not abundance and distribution were taken into 
account, woolly weed would rank among the most important range 
plants. It is so closely grazed early in the summer that nothing but 
the root remains. The coarse and comparatively deep root system 
protects it from actual killing and under ordinary conservative hand- 
ling of stock it may at least be expected to hold its own. 


CONEFLOWER. 
(Rudbeckia occidentalis. ) 


Of the several valuable nongrasslike forage plants, coneflower, 
sometimes called ‘‘nigger head,” is one whose actual grazing qualities 
are often underrated. It is a conspicuous plant, attaining a height 
of 2 to 5 feet, and having numerous marginally toothed, somewhat 
rough, ovate leaves, those lowest on the stem being petioled, and the 
upper ones sessile. Numerous shoots are sent out from the coarse, 
woody, fibrous perennial root, and the older plants have a bunched 
growth. ‘This plant, as shown in Plate LII, is usually not branched, 
and the dense, rayless, oblong, brown head of flowers, resembling a 
cone, is borne at the apex of the stem. 

The most common and favorable habitats of coneflower are the 
somewhat shaded banks, mountain swales, and hillsides where the 
soil is moist but not saturated. One of its most common associates 
is false hellebore, whose moisture requirements are almost identical. 
Coneflower is occasionally met with on open, well-drained glades, 
but never in abundance. In such habitats, in the characteristic 
basaltic clay loam soil of the region, wilting of all leaves did not take 
place until the soil moisture was reduced, on the average, to 14 per 
cent. In the richer soils, those which are heavily impregnated with 
organic matter, pronounced and long periods of wilting, usually 
followed by death of the plant, were recorded when the soil con- 
tained from 16 to 18.5 per cent water content. 

Early in the season the ‘‘button”’ or flower head begins to develop 
and by August 15 has virtually attained full growth. The seeds, 
however, do not begin to ripen until about the last week in August 
the ripening period extending well into September, and the seeds 
remaining in the head until late in the autumn. The germinative 
strength of the seed crop in the three years of test was 16, 24.5, and 
11, respectively. Even in the most favorable situations the seed- 
lings stand is rather sparse, but reproduction from roots is abundant. 
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Coneflower furnishes a large supply of forage. The stems are 
rather tough even when young, and only the flower heads and leaves 
are eaten. As the plant attains its full height the seed heads are 
generally above the reach of sheep. While in some localities the 
stems are quite bare after the lands have been grazed, this is rather 
the exception. In mixture with other palatable plants it is grazed 
with relish, but when it furnishes the bulk of the feed, stock are apt 
to scatter widely in search of more desirable forage. 


YARROW. 
(Achillea lanulosa.) 


Yarrow is one of the most widely distributed plants in the region 
studied. It is found from the lower Transition to the upper Hud- 
sonian zone, on intermediate ranges in such abundance as to be of 
considerable grazing value throughout the mountains. 

Wild tansy, as yarrow is sometimes called because of its resemblance 
and close relationship to the tansy cultivated in gardens, is a peren- 
nial with stems densely woolly, 12 to 24 inches high, terminating in 
conspicuous flower clusters, convex in shape, and with white ray 
flowers. The silky leaves, finely divided or dissected (Plate LIII), 
are produced in abundance, as are also the leaves which originate 
from the horizontal rootstocks. 

This species while succeeding best in a comparatively light, well- 
drained clay loam, does well in a variety of soils and situations. It 
inhabits glades and open parks, however, where it gets the benefit 
of full sunlight. In the lower situations it is scattered, and it does 
not anywhere form a pure stand. On the upland ranges, however, 
it usually forms great bunches or tussocks, as shown in Plate LIV. 
It is comparatively drought resistant. Individual plants tested did 
not wilt to a point causing death until the moisture content was 
reduced to 12.3 in one case and 10 per cent in another. 

The flowering period is unusually prolonged. On the lower ranges 
the flower heads begin to show early in June, but in the Hudsonian 
zone not until about July 20. In the mountain lands flowers which 
were just beginning to open have been observed as late as September 
15. Asaresult, a large percentage of the seed crop in the high range 
never reaches maturity. The earliest fully ripened seeds are found 
about August 20. In 1908 and 1909 the germination tests averaged 
16.5 and 39.2 per cent, respectively. Over 90 per cent of the seed 
crop of 1909 from the lower ranges was fertile. On protected range 
areas reproduction is very promising. 

Both cattle and sheep seek out yarrow from among its associated 
Species and eat it with avidity. As arule the unpalatable stems are 
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deprived of their attractive flower heads and leaves early in the season. 
Sheep prefer the plant to many abundant grasses, even during the 
period when the latter are most palatable. 


BUTTERWEED. 
(Senecio triangularis.) 


Senecio triangularis is not only the largest and most abundant of 
the butterweeds in the region studied, but also the most palatable. 
It grows from 2 to 5 feet tall, and has a leafy stem which terminates 
in dense clusters of 20 or 30 bright yellow flowers. The leaves are all 
petioled and toothed. Shoots are sent up in abundance from the 
lateral running rootstocks (Plate LY). 

Butterweed is closely confined to the higher ranges, being abundant 
in the upper Canadian zone and throughout the Hudsonian zone. It 
is distinctly a marsh plant and is closely restricted to situations with 
wet or saturated soils. On creek banks, in the vicinity of springs, 
and in swales of various kinds, it is often the chief plant. It was 
found to wilt beyond recovery in a soil whose moisture content varied 
from 11.5 to 14 per cent. 

Usually the flowers do not begin to appear until about the last 
week in July, and the blooming period continues until the last week 
in August. The seed crop begins to reach maturity when the late 
flowers are unfolding. The ripening period continues until inclement 
weather, the latest flowers failing to mature seeds. The seed which 
had ripened by September 5 germinated, in 1908 and 1909, 18 and 
26 per cent, respectively. The later maturing seed has a notably 
lower viability. 

Early in the year butterweed is eaten with such avidity that almost 
nothing is left. Until August 1 the lower part of the stem is the only 
portion not consumed. As the season advances, however, only the 
flower clusters, the upper rapidly growing terminal part of the stem, 
and the leaves are grazed. Among late forage plants, butterweed is 
one of the most highly relished. Since it is found only in moist situa- 
tions, however, its amount is limited. 

Another butterweed much relished by sheep is S. columbianus, often 
called small butterweed. In the Wallowa National Forest this species 
occurs in scattered stand on well-drained soils throughout the Cana- 
dian and Hudsonian zones. It begins growth early and is of value 
for grazing only in the spring. Sheep prefer it to grasses, and eat it 
with such ravenousness that it has little opportunity to reseed under 
the usual grazing practice. Its relatively small size (Plate LVI), 
different habitats, and earlier flowering period, easily distinguish it 
from Senecio triangularis. 
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SUMMARY. 
ECOLOGICAL REQUIREMENTS. 


_ The figures given in Table 2 represent the relative water require- 
ments of the different important forage plants studied. Owing to 
the importance of having the plants advanced to as nearly the same 
point of development as possible when the drought tests were made 
aerial conditions were slightly different. The error due to this fact, 
however, is very largely offset by the duplication of the tests in the 
case of virtually all species. 

It is a well-established fact that the amount of moisture remaining 
in the soil when the plant wilts beyond recovery is determined by 
the physical structure of the substratum. The object in making the 
wilting coefficient determinations, then, is principally to show (1) 
that certain species occupy quite different soil types, and (2) that 
the soil types (textures) are widely contrasted as shown by the 
notable difference in the wilting coefficients for the various species. 
For example, mountain bunch grass (Festuca viridula) does not wilt 
seriously in the soil in which it characteristically grows until the 
water content is reduced to between 7 and 9.5 per cent. This plant 
is adapted to coarser and less rich soils than is mountain onion 
(Allium validum), for example, which is confined to exceptionally 
black, mealy soils, end which wilts beyond recovery when the soil 
moisture content drops to between 14 and 16 per cent. Owing to 
the relatively small amount of moist soil found in mountain range 
lands, it is evident that a species like mountain onion would not 
occur nearly as abundantly as mountain bunch grass. 

As a means of comparing habitat requirements, the species are 
grouped in three classes as follows: 

Class A, plants of high moisture requirement—those inhabiting 
saturated sols, such as open marshes, wet meadows and bogs; des 
B, plants of coed moisture equinenen'—hose inhabiting rela- 
tively heavy soils which are saturated during the early part of the 
season, but later contam a medium amount of moisture; and class C, 
plants of low moisture requirement—those occurring in well- drained 
lands, open glades, and exposed situations. 

It will be observed that practically three-fourths of the most 
valuable forage species are dry-land plants. This fact is of high 
economic importance, since the major portion of the range lands are 
well drained and afford conditions favorable only to plants which 
are comparatively drought resistant. 

It is noted that a few species fall under more than one head so far 
as concerns their habitat requirements—that is, they are not strictly 

1A resumé of the potent climatic factors under which these tests were conducted was published in the 


Journal of Agricultural Research, Vol. TII, No. 2, 1914, “‘Natural Revegetation of Range Lands Based upon 
Growth Requirements and Life History of the Vegetation,” pp. 95-102. 
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confined to any one soil type. Such plants, however, do not afford 
nearly the amount of forage those do which are found generally in 
the more open habitat (usually referred to as drought-resistant 
plants), where the soil is not finely disintegrated, is less well supplied 
with organic material, and has a wilting coefficient notably lower. 

A relatively small proportion of the range lands are wet throughout 
the growing season; while bogs, marshes, and the lke almost invari- 
ably support a more luxuriant stand of vegetation than any other, 
the herbage usually lacks in two essentials—palatability and nutri- 
tiousness. Those who have observed stock as to their choice of forage 
have noticed that sheep avoid marshes and wet habitats to a marked 
degree; that cattle drift to the better drained lands for most of their 
feed; and horses, if unaccustomed to marsh vegetation, such, for 
example, as sedges and rushes, graze it eagerly for a couple of days, 
after which they will not remain on the succulent feed if any other 
is available. Campers and mountain workers have found that their 
pack and saddle animals can not do the work when feeding on marsh 
and bog vegetation that they can on drier feed. Also, stockmen 
have found that fat made on succulent feeds is not of a solid char- 
acter and in the case of long drives to market or of shipment shrinkage 


is abnormally heavy. 
LIFE HISTORY. 


To aid the reader in comparing the different phases of growth, the 
time of seed maturity, and the viability of the seed crop produced by 
the various forage species discussed, the results are summarized in 
Table 3. 

It will be seen that the time of the flowering period varies more 
widely than that of seed maturity. This is due primarily to the 
greater contrast between the moisture and temperature of the 
soil during spring than in late summer and autumn seasons. 
Growth, of course, starts more promptly and vigorously in the 
better drained and consequently warmer soils than in the moister 
and cooler situations. Owing to the more uniform physical condi- 
tions in a given life zone as the season advances, the seed maturing 
period is much more uniform and is completed in less time than that 
of flower-stalk production. All species and situations considered, 
the flower stalks are mainly produced between July 5 and August 10, 
and the seed matured between August 15 and September 1. While 
the time of flower-stalk production and period of seed maturity are 
influenced by the physical factors, even greater contrast is brought 
about by weakening of the vegetation due to overgrazing. Plants 
seriously weakened through abusive grazing are late in producing 
flower stalks and in maturing the seed. In extreme cases no flower 
stalks are produced, and, in general, such seed as is produced has 
little or no germinative power. Plants less seriously weakened pro- 
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duce a small amount of viable seed, while those which have not been 
injured send up their flower stalks early, mature the seed crop before 
kalling frosts occur in the autumn, and produce fertile seed. 

The data compiled relative to the life-history performances of the 
different forage species have made possible the adoption of what is 
known as the ‘‘deferred or rotation grazing system.’’ This system 
provides for the deferment of grazing on an allotment until the seed 
crop has matured—the size of the area to be protected depending, of 
course, upon the time at which the bulk of the seed crop ripens. 
Subsequent to complete revegetation, the area is grazed relatively 
early, thereby providing for the protection of a similar area elsewhere 
on the allotment without in any way jeopardizmg the grazing inter- 
ests or by wasting any part of the annual forage crop during the time 
required for revegetation. When the entire allotment has been 
thoroughly restocked, each portion, subdivision or camp is restricted 
from grazing but once in every three or four years, thus allowing the 
plants to mamtain a maximum vigor and to provide an occasional 
seed crop, which is essential to the maintenance of a permanent 
stand. 

The details essential to revegetation by means of deferred and 
rotation grazing have been given in previous publications. 

85154°—Bull. 545—17——8 - 
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TaBLe 2.—Soil moisture requirements of native forage plants. 


Name of plant. Soil-water 
content at 
time of Class. 
ts excessive 
Local. Scientific. wilting. 
Per cent. 
High huckleberrys.c.esc=-= ee o- Vacciniim me mbronaceumnaac sae sees | eee ee eee 
Mountainioniona. 5 eee eee Allium valium. - stan. ---hoe eee 14. 0-16. 0 
Slender reed-grass.........---.---.- CinN@LatfOlids sss Sa4s oot oe eee 13. 5-16. 0 A. 
‘Tall meadow-grass.......----------- Paoniculanie nenvald sense eos eee saa ee 12. 0-14. 5 
Talliswamp'sedge.csssesesn ee asec Carex CXSICCONW..a.5s seni ce Sloe ee ee 22. 5-24. 0 
iBlackshair-erass = s--ese ena See eee Deschampsia atropurpured..-....--.-.----- 12. 5-14.7 
Palseihellepore:: -s.--acc5-e 5s aceee Veratrum viride: oo.54- coon eee eae 11. 0-14. 5 
Mireweed ! 2-2) 2s: oso secs saset eee Chamaencrion angustifolium ..........--.-. 8. 2-11.5 
ITO WIlOWeee ses eee ee eee eee Salix scouleriana....------------ sk Sabi ueim cs Sete eee oes 
POLCHPING!STASS-.aci-- ee ee ee NiLPCOCCIMeNtalis a> son cee eee a eee 9. 5-11. 5 
MRUISH Bey Ses ees eas Seapeee Rege SUNCUS METLENSIONUS)=\ or aca eee eee eee 
RUSH Sees caaecnc cote ae eae auc eee JUNCUS OTLNODRYLUUS = ne eet ee eee | eee eee eee B. 
Smalliwildionion sos: ase=seee es AT UTULDT LUT te ae eee seg de mntera ties eee 
Smoothiwild rye-s.c.-.sc-< se ees ee Elymus glawcus ...-- w Sie Ciclo ata pare etree eserctate 7.5= 9.8 
Mufted Nair-CTass ws. se scence coe Deschampsia caespitosa...-..------.------- 11. 5-14. 5 
Wildicolory so: ee tena cite cee es Ligusticum oreganum..---------------.---- 8.0- 9.5 
WaldOmlon Ss see ee ee ee ae Allium: platy/phylapny == ap a= eee ee | eee ee eee 
Wioodlnush# scene es ace shoo serene Juncoides parviflorum ..-.---.-------- nao 10. 0-12. 5 
BiliLenWeCdeetes = est sEe ree te Senecio triangularis....--.----------------- 11. 5-14.0 
Conetlowens nt se ne ee ees Rudbeckia occidentalis.......-----..-------- 16. 0-18. 5 A 
Marshipinelenassssseceee ase se eneaee Calamagrostis canadensis......---..--.---.- 11. 0-14. 0 and 
Mountainiiimotbiy-seecose eee oe eee PieuNal pinnae soe eee 14.0 B. 
Dheepised ges sas sees ce tee eee Caret UWota =: cee. coosscss eee eee 14.0 
IBigipunch! erasss = soe oe eee noe Agropyron spicatum..........-.-.---.----- 5.5- 7.5 
Blue bunch grass...-.....---+--+--: Mestitca 70GhOensts ae see ae ee eee 
(Kor ass 2 oes eee ree Caren:géy ert sO Ras Se eee 6.5 
Geranium ss 52 eeeiaeee see eee Geranium viscosissuMUM: ....._-----.------}ausee-- scene 
HMorsemint.2 22s 22422 see ee eee ee Algastache wrticifoltds-ssc 42 eee ee | See ee 
Witileiblierrasst ss soon lee eee Poa sandbergiiacs se a eee ee 6.5- 7.8 
Little needle grass...............--- Stipa MINOT sso see ee ae ees eae 9.211.5 
Mountain bunch grass...........--- Trestunca yin dul eee ne eee ee eee 9.5 -7.0 
Mountain dandelion..............-- “A GOSETIS QLAUCD a ea oe ee 8. 0-10. 0 
Mountain June grass.........-..-.-- ROCIETUM CTISLOLO seen ene 10. 0-13. 5 
Mountain wheat grass..-..........-- Agropyron violaccum..-....---.--.------.. 6.0- 7.5 
Qnionigrass-fens eee ee eee Melica bella Jeac2 eee eee eee 6.3- 8.5 C. 
Dine erassee eo eas hee Calamagrostis suksdorfii 5.5— 8.5 
Redibunchyerassiesa eee eee ee ence AGTODYNOM [LEDUOSUNTUS eae eee ee | eee ees 
IRISH aoe ae eee eee. Os ee JUNCUS CONFUSUS: Jo. = s2.525e Cee ee Se eee eee ee 
[RAIS SSS 82 eared eee eer: eaten JUNCUS DOTTYI 2 ey te = alan een ee eee 5.5- 7.0 
Soliicheates Les soe sl ae ee (BT OMS LON CEO CEUS eee ee 5.5 
Spikeditrise hums: he ee eee Prisetiu Dy SPiC CHUM asses ee eee re 7.5- 9.5 
Short-awned bromegrass ....--.---- Bromus marginatus.......-.--.----.+<----- 5.5- 8.0 
Tall plueerasse ase se cece ae eee Pow brachyglossas 25 ee eee see oe ae | eee eee 
White toxtailes a2> 2s ese aoe seme Sitanion velutinum......----------------.«- 6.0- 8.5 
Woolly: weed:5.2 2... 2 So ese ae Heracium cynoglossoides ...-.-...---.------ 8. 0-10. 5 
WATTOW 2 ston acon eee alae ce eee ie Achillea lanulostin seo 2 eee nee 10. 0-12. 3 
Alpine redtopi sc ees sees ae soe A\QTOStIS TOSSOES oe oo 2s ccs eee 7.0- 8.5 
Blue beardtongue......-...--------- IPCntstemonprocenuss eae aa eee 8. 0-10. 0 B 
Sun kweedsseep eee oe oe eee Polemonium pulcherrimum.....--..-.--.-. 7. 0-10. 0 and 
Slenderinairerasss.5 eee ene eee Deschampsia elongata. .....-..--.---------- 8.5-15.0 Ce 
Wild buckwheate2 -- els ee Polygonum phytolaccaefolium.........---.- 8. 0-10. 0 
Waloriatte oso tececnh cece cose one Valerio ni sileRCONSis ease ete eee 7.0- 8.5 
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APPENDIX: PLAN OF STUDY. 


Tn obtaining information on the individual forage species, consid- 
eration was given as far as possible to the following points: 


1. Name of plant, both Latin and common. 
2. Distribution. 
a. Characteristic zone. 
b. Most typical habitat; abundance and density of stand. 
3. Usual plant associations and communities. 
4. Habit of growth. 
a. Annual or perennial. 
6. Tufted growth, height growth, and character of herbage. 
5. Character of root system. 
a. Spreading fibrous root, or taproot with lateral rhizomes. 
6. Depth of roots in soil. 
6. Ecological requirements. 
a. Soil and moisture preferences. 
b. Drought resistance. 
7. How flower stalks are sent up. 
8. How fertilized. 
9. When seeds are matured. 
0. How and when seeds are disseminated. 
11. Seed habits, strong or weak. Viability tests. 
12. Period of germination. 
13. Classes of stock which graze it. 
14. Suitability for early or late grazing. 
15. Palatability when green and when matured. 
16. Time at which it is usually grazed. 
17. Relative forage value. 


Information on the points in the above outline was secured through 
investigation extending over four successive years. The actual eco- 
logical requirements of the various species could be determined only 
through physical-factor measurements. 

An important factor affecting the distribution, and more particu- 
larly the succession of vegetation, is available soil moisture. Experi- 
ments showed that the greatest physiological activity is manifested 
at the time fertilization is taking place or immediately after the 
completion of the flower-stalk production but prior to a pronounced ~ 
development of the seed. 

The comparative ability of the various species to withstand 
drought was determined by ascertaining for each species the amount 
of moisture remaining in the soil when the plant had wilted to a 
point from which it could not recover. Unless pronounced wilting 
was actually in progress as a result of aerial and soil conditions, it 
was necessary to bring it about by cutting off the water supply from 
the plant. In making determinations in the field one of the methods 
used was as follows: The plants to be tested were dug up, with the 
roots undisturbed in their own soil, particular care being taken to 
prune off as little of the root system as possible. The block of soil 
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held together by the intertwining of the roots was wrapped in burlap 
for purposes of transfer and immediately placed upon suitably cut 
wire screen (see Plate I), which, when fitted and fastened together 
around the soil body in the form of a basket, was placed in the hole 
created by the digging of the plant. In this manner the plant was 
not subjected to too rapid drying and its normal functions were 
unimpaired. After the plant had fully recovered from any slight 
disturbance due to digging, it was elevated slightly in order to 
increase the rapidity of the drying process. The wire-basket method 
made the plant portable, a very desirable feature in field work since 
the plant could easily be removed from the field during showers and 
when in a wilted condition prior to soil sampling and piaced under 
shelter—in this case in a carefully-placed 14-ounce canvas tent—and 
thus protected from direct effects of wind and sun when the specimen 
might recover its turgor if not wilted excessively. 

The other method of ascertaining the water requirements was to 
dig away the soil on all sides of the plant, leaving in place the central 
core of soil supporting the roots, the size of which would depend upon 
the spreading habit of the root system (see Plate I, fig. 2). This 
method was used especially for certain species with deeply pene- 
trating taproots, such as wild celery (Ligusticum oreganum) and wild 
buckwheat (Polygonum phytolaccaefolum). These, it was found, 
would not respond normally to the wire-basket method of treatment. 
The drying process brought about in this way, owing to the fact that 
the water supply was not wholly cut off from below, was slightly more 
gradual than in the case of the wire-basket method, but the results 
of the tests for species which did not have a distinct taproot, such as 
grasses, proved to be virtually the same as those secured for the same 
species by the wire-basket method. When the plant reached a con- 
dition of pronounced wilting and turgor could not be recovered, two 
representative soil samples were taken, weighed immediately to avoid 
possible discrepancy due to evaporation, placed in a soil-drying oven 
and subjected to a temperature not exceeding 212° F. for several 
hours until they were drv, then reweighed. The difference between 
the dry weight of the samples and the weight when taken at the time 
the plant was in a wilted condition represents the amount of moisture 
remaining in the soil at a time when the root hairs were unable, under 
the conditions, to absorb moisture rapidly enough to maintain the 
form of the plant and finally to recover its turgidity. The depth and 
location at which soil samples were taken were regulated by the 
depth of penetration and position of the roots. This operation was 
followed by protecting the specimen from the direct effect of sun and 
wind by placing a small tent shelter over it. In all cases the soil 
moisture figures given are based upon specimens which failed to 
recover their turgor, unless otherwise stated. All moisture require- 
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ment determinations of species were made from two to four weeks 
after the flower stalks began to show. 

Since the character of the soil and the nature of the habitat play 
an important role in the amount of water the substratum may yield 
to the plant, the wilting of species was tested as nearly simultaneously 
and under as nearly the same topographic features as possible. The 
results therefore are comparable. 

‘ To ascertain the germination per cent of the seed crop, matured 
seeds were collected in the fall of each year for three years from 
typical situations, and germination tests were made in the seed- 
testing laboratory of the United States Department of Agriculture. 
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INTRODUCTION. 


One of the conspicuous features of the climate of the Great Plains 
area is the light precipitation received during the winter months. 
Throughout most of the Plains region, about three-fourths of the 
annual precipitation occurs during the six months from April to 
September, inclusive,' so that the winter months are, comparatively, 
very dry. As a result, it is commonly found that after producing a 
crop the land remains dry from harvest time until the rainy season 
of the following year. The soil on such land during this period may 
be deficient in moisture not only near the surface but throughout 
the zone of action of the roots of crop plants. It has been assumed 
that this soil-moisture deficiency might have an unfavorable influence 
on the growth of crops, both by hindering the germination of spring- 
sown seed and by retarding or preventing the desired movement of 
the water received as precipitation or applied in irrigation during the 
growing season. 

The practice of fall irrigation—the application of water to the 
land in the fall of the year—has been advocated as a corrective of 
this condition in irrigated regions. Various writers on irrigation 
have suggested the desirability of fall irrigation, and a few investi- 


1 Briggs, L. J., and Belz, J.O. Dry farming in relation to rainfall and evaporation. U.S. Dept. Agr., 
Bur. Plant Indus. Bul. 188, 71 p., 23 fig., 1 pl. 1910. 
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gators have made field studies ¢f the subject.. Knorr,’ experimenting 
for three years on the North Platte Reclamation Project in western 
Nebraska with wheat, oats, barley, potatoes, sugar beets, and corn, 
found that the fall irrigation of the land on which these crops were 
to be grown increased the yield an average of 16 per cent. The 
yield increases secured in these experiments were ascribed to the 
fact that fall irrigation resulted in more moisture in the surface soil 
at seeding time in the spring and also in a better absorption of 
moisture by the soul to a depth of 6 feet durmg summer irrigation. 
These experiments were conducted on a sandy loam soil at the 
Scottsbluff Experiment Farm, a field station of the Bureau of Plant 
Industry. 

The favorable results secured at Scottsbluff suggested the advis- 
ability of repeating the experiments at another point in the Great 
Plains area where the soil conditions are different from those at 
Scottsbluff. Accordingly, in the autumn of 1913 a series of fall- 
irrigation experiments involving oats, sugar beets, flax, potatoes, 
barley, corn, and wheat was inaugurated at the Belle Fourche Experi- 
ment Farm on the Belle Fourche Reclamation Project in western South 
Dakota. The experiments with these seven spring-planted crops were 
continued through 1914, 1915, and 1916. The results secured are 
reported in this bulletin,’ 

RAINFALL. 


During the nine years, 1908 to 1916, inclusive, the annual rainfall 
at the Belle Fourche Experiment Farm ranged from 6.64 inches, in 
1911, to 21.02 inches, in 1915, the mean for the 9-year period being 
14.05 inches. In connection with the problem of fall irrigation it is 
important to consider the distribution of the rainfall with reference to 
the fall period—the period between the beginning of harvest and the 
time of fall irrigation—and to the winter period. The mean rain- 
fall of these periods during the nine years of record and the actual 
rainfall during the time in which the fall-irrigation experiments were 
conducted are shown in Table I. 


Tanie I.—Precipitation at the Belle Fourche Experiment Farm, 1908 to 1916, inclusive. 


Mean, Period of experiment. 
A nine 
Period covered. years 
0 
1916 1913 1914 1915 1916 
Atay Wesahayh el eae cena ia SSE See eae ce aoe soe 14.05 | 12.53 11.70 21.02 13.95 
Fall period (August to October, inclusive)......------------- 3.75 4.50 3. 24 2.95 | p Beate 
Winter period (November to March, inclusive)....-.-------- 2.15 1.84 | 2. 52 1.99 


1Knorr, Fritz. Experiments with crops under fall irrigation at the Scottsbluff Reclamation Project 


Experiment Farm. U.S. Dept. Agr. Bul. 133, 17 p., 5 fig. 1914. 
2The writers desire to acknowledge their indebtedness to Mr. O. R. Mathews, Assistant, Dry-Land 
Agriculture Investigations, for assistance in the conduct of these experiments. 
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The table shows the light precipitation which occurs during the 
winter months, from November to March, inclusive. During two of 
the three winters included in the period of experiment there was 
somewhat less than the mean winter rainfall for the period of record, 
2.15 inches, and during the other there was slightly more than the 
mean. Likewise, two of the three fall periods affecting the experi- 
ments were drier and one was wetter than the mean for this fall 
period, 3.75 inches. From this it would appear that if fall irrigation 
were desirable at Belle Fourche, its benefits would have been empha- 
sized during the period of these experiments. 


SOIL. 


The soil on which these experiments were conducted is an extremely 
heavy clay of the class popularly known as ‘‘gumbo.” Soils of this 
general character cover wide areas in the northern Great Plains. This 
particular soil has been classified by the Bureau of Soils as Pierre 
clay, of which the average mechanical composition is reported! as 
follows: 


Per cent. 

PR ERITVCRALANE lesekv od <5 2 VBicvorerctcravartoule = 2 Soest ene i= Poth eesgerenaonorah 0. 2 
(COIS Sten ae EE Beare IRE EEN Te CIR ely eatery ct dl LA'S 1c ea et ne vege a eal 
Mile clini series Fee Nh TN Ben Cs A A gaa Boy 1.4 
VEPTTENS) SeaN Ta LS SP oy Ane Dan ’p pa a) Le ea i, 
SABIE TENIWES SEO LAR etl ae At gc A ee ed Yc ne a 13.0 
Soltis oo Ses Geile ee OE eee eg 2 NE Ne so Bh 
CHERYo Soe ed SOS oo i cmmeetty ye kae cnen es RMU Res ponerse Wack DOL Zi RP ME Tata 35. 0 


According to the same authority, the Pierre clay covers about one- 
third of the area of the Belle Fourche Reclamation Project and 
occurs on this area to a uniform depth of about 6 feet. It has been 
formed through the weathering of the underlymg beds of Pierre 
shale. According to a report? of a reconnoissance soil survey made 
by the Bureau of Soils, the Pierre clay covers an area of nearly 
eight million acres in the western half of South Dakota. 

Important characteristics of this soil are its great water-carrying 
capacity, its high water retentivity, and the extreme changes of 
volume which accompany changes in its moisture content. Mathews? 
found that this soil will carry about 30 per cent of water and that 
about half of this is available to crops. The latter do not begin to 
suffer from lack of water unless the soil moisture content approaches 
17 per cent, which is approximately the wilting coefficient of this 
soil. The importance in fall irrigation of the extreme changes of 
volume accompanying changes in moisture content of Urs soul will 
be discussed later. 


1§trahorn, A. T., and Mann, C. W. Soil survey of the Belle Fourche area, South Dakota. In U.S. 
Dept. Agr., Bur. Soils, Field Oper. 1907 [9th Rpt.], p. 898. 1909. 

2Coffey, G. N., and others. Reconnoissance soil survey of western South Dakota. In U.S. Dept. Agr., 
Bur. Soils, Field Oper. 1909 [11th Rpt.], p. 1401-1476, illus., pl. 9-15. 1912. 

3Mathews, O. R. Water penetration in the gumbo coils of the Belle Fourche Reclamation Project. 
U.S. Dept. Agr. Bul. 447, 12 p.,4 fig. 1916. 
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METHODS USED IN THE EXPERIMENTS. 


The experiments were conducted in field P, Series I, II, III, 
and IV, seven tenth-acre plats being used in each series. A 
diagram of these plats is shown in figure 1. The land was first 
broken in August, 1911, and it produced oats in 1912 and again 
in 1913. It is uniform in topography and soil. The crops of 1912 
and 1913 were harvested from the field as a whole, no record haying 
been secured of the production of the different series of plats. . Series 
II and IV were irrigated on November 11, 1913, November 11, 1914, 
and November 10, 1915. Except for this fall irrigation, the treat- 
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Fic. 1.—Diagram of a part of field P, Belle Fourche Experiment Farm, showing the location of the plats 
used in the fall-irrigation experiments. The arrows indicate the direction of the flow of the water in 
the irrigation laterals supplying these plats, 


ments applied to Series II and IV were uniform with those applied 
to Series I and III. 

The fall irrigation was applied each year after the plats were 
plowed, except that in the autumn of 1914 the plats which that year 
had produced intertilled crops were not plowed. Low earth dikes 
were thrown up at the lower side of the plats to impound the water 
sufficiently to insure a complete covering of the land. The water 
was then applied by flooding and allowed to run on each plat from 
three to four hours. The summer irrigation of each crop was uni- 
form on all four series as to both time and method of application. 
No attempt was made to measure the water applied, but the meth- 
ods of irrigation recognized in the locality as good-farming methods 
were followed. The sugar beets and potatoes were irrigated by the 
furrow method and the other crops by field flooding. 
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The experiments were conducted in duplicate each year, the seven 
plats in Series I duplicating those in Series III, while the plats in 
Series II and IV were duplicates. The following crop varieties were 
used: Oats, Great Dane in 1914 and Swedish Select in 1915 and 1916; 
sugar beets, South Dakota No. 40 in 1914 and Kleinwanzleben in 
1915 and 1916; flax, Minnesota No. 25; potatoes, Eureka in 1914 
and 1915 and U.S. No. 4452 in 1916; barley, Minnesota No. 6 in 
1914, Himalaya (Guy Mayle) in 1915, and Chevalier in 1916; corn, 
Payne White Dent in 1914 and 1916 and Martens White Dent in 
1915; and wheat, Defiance in 1914, Pringle Champlain in 1915, and 
Marquis in 1916. The positions occupied by the crops on each of 
the four series each year, the crop sequence on each plat during the 
3-year period, and the number of summer irrigations applied are 
shown in Table II. 


TasE IT.—Sequence of crops and number of irrigations applied to each in the fall-irrigation 
experiments at the Belle Fourche Experiment Farm in 1914, 1915, and 1916. 


1914 "1915 1916 

Plat. Nur Nun Num- 

er of " er of ber of 

Crop. irriga- Crop. irriga- Crop. irriga- 

tions. tions. tions. 
SGA dees eet ae Oatse sae 8: 3 | Beets aa.0: Shae ae RRO ai Seie ee ee sa 1 
INOS Sosa ee Se oie). IBCCtS)-/eme ed Fon: Cle ebeeens eee Sen eS 2| Potatoes.........- 1 
BRIGG Eases Sa eae adh LON ip cel RR hie ul aRObALOsSeeenertaee il COTS NR Ne LE 2 
INOS LO tees Bee ee IEOpaTOeS sa eee eae Ai Barleyees ep aceee Ta With eaitayeee 28 eee 1 
NOU TAS eve e iBanley =o. 2Ha6F 6. 2) Corniwe. 22 lk aoe Wy Barleys a2 oo os sy 1 
INO Osea Sees Corners ease Su eh eaten sone eee Qa Wonmigh see 1! 
INO ha A ener reerae Wiheat eee sees DelHOatsenseniaras see 0) er) esxcoleeeiealidainia plies 1) 

i 


As shown in Table II, an intertilled crop followed a close-planted| 


crop on each plat except No. 13 in 1915 and 1916 and No. 10in 1916.| 


More irrigation was necessary in 1914 than in either 1915 or 1916, as) 
the growing season of 1914 received somewhat less rainfall than either, 
of the others. The variations in both crop sequence and summer, 
irrigation were the same on all four series. 

All cultural operations on the four series were uniform as to both 
character and time of performance throughout the period of experi- 
ment. These included the ordinary operations incident to the pro- 
duction of the seven field crops involved. The land was manured 
from October 6 to 10, 1915, when 12 tons per acre of well-rotted 
barnyard manure were applied uniformly to ail the plats. 


RESULTS OF THE EXPERIMENTS. 


In the conduct of these experiments attention was directed chiefly 
to the crop yields secured on fall-irrigated land as compared with 
those of land not so irrigated and to the soil-moisture conditions on 
the two groups of plats, particularly before the first summer irri- 
gation each season. It was to be expected that any important 
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differences in the yields of the crops on the several plats would be 
associable with soil-moisture differences in the spring, as the only 
variation in the treatment of the land was the irrigation applied to 
half the plats in the fall of each year. 


CROP YIELDS. 


Two plats of each of the seven crops were grown each year on the 
fall-irrigated land, and the same number were grown on check series, 
the latter receiving no fall irrigation. The yields are reported in 
detail in Table ITI. 


Tas ie III.— Yields of crops in the fall-irrigation experiments at the Belle Fourche Experi- 
ment Farm in 1914, 1915, and 1916. 


Mah Soe ha Ghat ul n>) oo ae 
Plats and year. Series. | Wheat. Oats. Barley. Flax. Corn. Beets. | Potatoes. 
Fall-irrigated plats: Bushels. | Bushels. | Bushels. | Bushels. | Bushels.| Tons. | Bushels. 

1914 II 31.5 47.8 29.1 17.0 53. 4 8.9 172 

Be bate haa Se IV 28.5 39.0 26.8 10.5 45.8 7.3 127 

1915 { II 24.0 70.9 35.7 18.8 29.3 5.1 108 

Fe ae aaa IV 19.3 60. 6 34.8 16.3 29.0 3.6 V7 

1916 Il 15.5 80. 6 39. 2 10. 4 50. 4 13. 2 267 

Fe ra eae IV 13.8 72.2 38.3 9.1 45.4 12.2 254 

Average, three 
ie UR nee 22.1 61.9 33.9 13.7 42.2 8.4 167 
Check plats 

i { I 24.6 40.0 28.7 17.4 47.2 9.5 173 
RO See a Til 19.3 47.8 26.0 14.8 51.4 7.1 158 

1915 { I BP 80.0 43.2 16.3 29.3 5.9 105 
oe SARIS Til 24.5 80.3 33.5 19.1 33. 7 5.7 100 

1916 I 14.3 73.9 41.8 12.1 47.9 13.5 225 
Seer ire Pie eles ris Til 15.3 84.7 43.6 11.8 53. 9 13.9 272 

Average, three 

VOSS. s.52 FEES Ae 20.1 67.8 36.1 15.2 43.9 9.2 172 


In order to facilitate comparisons of the yields shown in Table III, 
the figures have been calculated in percentages, and the relative sie 
are shown in Table IV, in which the yields of the check plats are repre- 
sented as 100 per cent. The yield shown for each crop is the average 
of duplicate plats. 


(Passe 1V.—Relative yields (expressed in percentages) of crops in the fall-irrigation experi- 
ments at the Belle Fourche Experiment Farm in 1914, 1915, and 1916. 


1914 1915 1916 3-year average. 

; 8, A = ‘ ao , eo 

rs OF bo) &.| 3 oH J i>) 

Crop. = ‘z = 8) = sii 8 ia 
& baa) & BB | ® 834| bag 
Bog | cel) soot a, (tren) lesan ie BE Ho Uo ga page= 
= & (SPs! a & |28] a a | Pel S $ q bs 

=] ro Ge) a Ee (pe! 
a | o |6 Be) OS [a ol ce leoptes & 16 |S 

WVIGAL SS Setatn tot obs. Soe 137 100 | +37 92} 100} —8 98 100} — 2] 110} 100; +10 
OF: Ce ae ee re ae 99 100 | — 1 82 100 | —18 96 100} — 4 1 100 —9 
Baleysi seers Re Lie 102 100 | + 2 92} 100] — 8 gl 100} — 9 94} 100} —6 
1 ee Cae aon. 85} 100 |] —15 99 100} — 1 88} 100} —12 90 | 100} —10 
Cor 7s: te ss Hb BR 101 100 | + 1 94 100 | — 6 94 100 | — 6 96} 100]| —4 
CCS: ee ee ke ise sic caters s 98 100 | — 2 741 100) —26 93 100 | — 7 91) 100}; —9 
WOrmtoese lie wk). 22 ae 90 100 } —10 $0 100 | —10 105 100 | + 5 97 100 —3 
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EFFECT OF FALL IRRIGATION ON CROP YIELDS. x 


The figures in Table IV show that in 1914 the yields of wheat, 
barley, and corn were higher on the fall-irrigated plats than on the 
check plats, the increases being 37, 2, and 1 per cent, respectively, 
while the yields of the four other crops were lower on the fall-irrigated 
land, and that the average yield increase of the seven crops in that 
year was 2 per cent in favor of fall irrigation. In 1915 the yields of 
all the crops were lower on the fall-irrigated land, the average decrease 
being 11 per cent. In 1916 all the crops yielded less on the fall- 
irrigated plats than on the checks, except potatoes, which yielded 5 per 
centmore. In the 3-year average, wheat on fall-irrigated land showed 
an increase of 10 per cent, while all the other crops showed decreases 
ranging from 3 to 10 per cent, the average yield decrease of the seven 
crops on fall-irrigated land for the 3-year period being 4 per cent of 
the average yield of the check plats. 

- The fact that of the 42 duplicate plat averages secured in the 3-year 
period only four were in favor of fall irrigation would support a pre- 
sumption that fall irrigation on this soil was detrimental. However, 
since not all the yields were against fall irrigation, it is possible that 
the yield variations were accidental. In order to determine whether 
these differences were significant, the probable errors of the average 
yields have been calculated. The results are shown in Table V, in 
which the yields secured during the 3-year period are summarized. 
Taste V.—Summary of the yields secured in the fall-irrigation experiments at the Belle 


Fourche Experiment Farm in 1914, 1915, and 1916, showing the probable errors of the 
averages. 


Fall-irrigated plats. Check plats. 
Difference 
Or Unit of | Num- Num- in favor 
oP: yield. | berof| Average | berof| Average of fall 
plats yield per plats yield per irrigation. 
aver- acre. aver- acre. 
aged. aged. 
ANTON GFEN is cg ea les ea a ahh Bushels 6 22.14 2.2 6 20.14 1-4 +2.0+ 2.6 
(OVE ESIS ect e m e ices er ae RRR ngs, Pal stat Cla seree 6 61.9+ 5.0 6 67.8+ 6.0 —5.9+ 7.8 
TBETAIGRNE A DO ia lela COsdeo ds 6 33.9+ 1.5 6 36.14 2.5 —2.2+ 2.9 
eles oe tie eam aah a Ae eee Sen doses 6 13.74 1.4 6 15.24 .9 —1.5+ 1.7 
(COPRT SN HCA NE C  c  M COsenscs 6 42.24 3.3 6 43.94 3.1 —1.74 4.5 
ISYACUIS Ze ey Ge alan goa hese yO Ae Monsaese oe 6 8.44 1.1 6 9.24+ 1.1 — .8+ 1.5 
TOLL OOS rer ais 8 He ahi es Bushels... 6] 167 +23.0 6| 172 +19.0 —5.0+30.0 


The figures in the last column in Table V show for each of the seven 
crops the difference between the average yield of the fall-irrigated 
plats and that of the check plats during the 3-year period. None of 
the differences was as great as the probable error, so that all must 
be regarded as insignificant. A similar tabulation of the yields of 
straw and stover (which are not shown here) produces a like result, 
there being no significant differences in the average yields of these 
products. 

The explanation of the somewhat lower average yields secured on 
the fall-irrigated land lies in the relatively low productivity of Series 


« 
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IV, one of the two fall-irrigated series. The 3-year average yield of 
the crops on Series IV was 16 per cent lower than the corresponding 
average of Series II, while the 3-year averages of the two check 
series, I and III, were identical. The relatively low productivity of 
Series IV may have been associated with a heavy infestation of 
gumbo weed (Iva azillaris). This weed was more abundant on 
Series IV than on any of the other series throughout the period of 
experiment. At any rate, there is nothing in the data to indicate 
that fall irrigation influenced the crop yields. 


SOIL MOISTURE. 


When the experiments were planned, it was the intention to make 
soil-moisture determinations shortly after the fall irrigation each 
year and also during the early part of the growing season. It was 
found, however, that because of cold weather the soil remained wet 
so long after the fall irrigation that fall sampling was impracticable. 
All the soil-moisture data available, therefore, were secured during 
the spring and early summer of each of the three years of the period 
of the experiment. In each sampling two cores were taken on each 
plat and composited to a single sample for each foot section. 

Soil moisture in 1914.—Three samplings were made in 1914, on 
May 5, June 18, and June 27. The samples secured on May 5 were 
taken from the plats seeded to oats, barley, and wheat, two plats 
of each crop on the fall-irrigated land and the same number of 
check plats, a total of six plats representing each fall treatment. 
These samples were taken 34 days before the first irrigation. The 
second set of samples, taken June 18, was from the same plats as 
the May 5 samples and from the two flax plats, a total of eight 
plats representing each fall treatment. This sampling was done 10 
days after the first irrigation of the oats, wheat, and barley and one 
day after the flax was irrigated. The samples secured on June 27 
were from the same plats as those taken on June 18, and no irrigation 
water was applied between the two sampling dates. These moisture 
determinations were made to a depth of 4 feet. A summary of the 
results is given in Table VI, which also shows the probable errors of 
the averages of moisture content. 

Table VI shows that on May 5 the average moisture content of the 
upper 3 feet of soil on the fall-irrigated plats was higher than that of 
the corresponding depths on the check plats, the greatest difference 
being in the second foot, where it amounted to 8.3+0.5 per cent. 
The soil of all the plats, however, contained an abundance of mois- 
ture, the moisture content being well above the wilting coefficient, 
which is approximately 17 per cent. The difference in the moisture 
content of the fourth foot on the same date, 2.2+1.2 per cent, was 
insignificant. On June 18, after the plats had been irrigated, the only 
significant differences were found in the second and third feet, where 
the soil of the fall-irrigated plats contained about 5 per cent more 
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moisture than that of the check plats. On June 27 there were no 
significant differences in moisture content, all differences being less 
than their probable errors. It will be noted that the moisture con- 
tent of the fourth foot was practically the same on each of the three 
sampling dates. The results of the moisture determinations made 
in 1914 showed that while the soil of the fall-irrigated plats contained 
more moisture than that of the check plats early in the season, when 
all the plats had abundant moisture, the differences decreased as the 
season advanced and disappeared before the end of June. 


Taste VI.—Summary of the results of soil-moisture determinations made in 1914 in the 
fall-irrigation experiments at the Belle Fourche Expervment Farm. 


Fall-irrigated plats. Check plats. 
ot a Dilerence 
um- um- in favor 
HERS es bet oe Moisture ber ot Moisture of ce 
pla plats irrigation. 
ani: content. aii content. 
aged. aged. 
Feet. Per cent. Per cent. Per cent. 
DEMON cc yaa cee cone Heels oe 1 6 28.7+0.4 6 25.1+40.6 +3.640.7 - 
IDO 22 DRAPE oe ere ee 2 6 28.8+ .4 6 20.54 .3 +8.3+4 .5 
DO): ERE en ee eee’ 3 6 26.6+ .3 6 21.0+ .3 +5.64 .4 
BI) eRe ea eS IRAE SR Dc 4 6 21.7+1.0 6 19.54 .7 +2.24+1.2 
ARETE) FS 5 8 a ee 1 8 23.14 .6 8 21.5+ .7 +1.64 .9 
Bs 2 522 Sep RU ane ARIS ARIE Sar 2 8 Pees 3 7 8 20.34 .9 +5.0+1.1 
ID YO AC SEN ee a a an aap 3 8 26.5+ .6 8 20.9+ .5 +5.64+ .8 
(0) 2 6 SORE OES IES SES Re ohio 4 8 21.54 .8 8 20.2+ .9 +1.341.2 
PAI Be YS\'9217/,3,"S (he SS gla ange ne il 8 22.34 .6 8 22.14 .7 + .24 .9 
D0)S Oe Gia aS estes Sine oo Oe 2 8 25.84 .4 8 25.0+ .7 + .8+ .8 
DOS aa em eae OM LES Bap 3 8 26.44 .6 8 26.3+ .9 + .141.1 
DOs pacts 2 Saar Seem ApPlenpe eee 4 8 20.8+ .8 8 20.7+ .9 + .141.2 


Soil moisture in 1915.—The sampling in 1915 was done on May 24 
and June 10. All the plats in Series I and II were sampled on the 
first date and those in Series III and IV on the second. No irriga- 
tion water was applied to any of the plats in 1915 until July 14, so 
that the moisture determinations were made five and seven weeks, 
respectively, before the first irrigation. The samples were taken to 
a depth of 3 feet. Table VII gives a summary of the results of the 
moisture determinations, together with the probable errors of the 
averages of moisture content. . 


TasLe VII.—Summary of the results of soil-moisture determinations made in 1915 in the 
fall-irrigation experiments at the Belle Fourche Experiment Farm. 


Fall-irrigated plats. Check plats. 
re i Difference 
um- Num- in favor 
pate ce ber of | Moisture | P2808} Moisture yet 

plats i plats irrigation. 

ae content. iis content. 

aged. aged. 
Z Per cent. Per cent. Per cent. 
1 7 29.2+0.3 7 30. 440.2 —1.2+0.3 
2 fd 29.44 .4 7 29.44 .4 \ 
3 7 28.14 .2 7 26.04 .9 42.14 .9 
1 7 30.0+ .3 7 30.34 .6 = ooce of 
2 7 29.84 .2 i 29.44 .6 + .44 .6 
3 if 27.9+ .3 a 27.64 .7 + .3+ .8 
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Except for a very slightly lower average moisture content in the 
first foot of the fall-irrigated plats sampled May 24, the moisture 
determinations made in 1915 disclosed no differences large enough to 
be considered significant between the fall-irrigated plats and the 
checks. Asin the spring of 1914, the soil on all the plats sampled con- 
tained an abundant supply of moisture. As the moisture content of 
all the plats before the first irrigation was found to be substantially 
the same, no further moisture determinations were made during the 
season. 

Soil moisture m 1916.—The first irrigation in 1916 was applied 
July 6. Soil-moisture determinations were made to.a depth of 2 feet 
on all the plats in oats, wheat, and barley on June 10, and the plats in 
potatoes, beets, corn, and flax were sampled to the same depth on 
June 30. The results of the two samplings are summarized in Table 
VIII, which also shows the probable errors of the averages of mois- 
ture content. 


TasLe VIII.—Summary of the resulis of soil-moisture determinations made in 1916 in. 
the fall-irrigation experiments at the Belle Fourche Experiment Farm. 


Fall-irrigated plats. Check plats. 
= ie Didemace 
um- um- in favor 
Pate. pepe pen a Moisture Bey a Moisture _ of sae 
plats plats irrigation. 
awane content. aan content. 
aged. aged 
Feet. Per cent. Per cent. Per cent. 
Upne 10s fe... see Se cei hs oon cele 1 6 27.7+40.6 6 27.441.0 +0.3+1.2 
TD Ye ek sue Aaa ei ae a rey 2 6 29.2+ .8 6 29.24 .9 0 +1.2 
Afshar eee ON er a oie re Meare ee 1 8 29.74 .6 8 29.9+1.2 — .241.3 
(OLep eR is aN | iS hed Mba Bi 2 8 30.2+ .3 8 30.14 .4 + .14 .5 


The results of the soil-moisture determinations made in 1916 were 
practically the same as those secured in 1915. The soil on all the 
plats contained an abundance of moisture at the time of sampling, 
and there was no significant difference between the moisture content 
of the fall-irrigated plats and that of the checks. 


The results of the determinations made during the three years may 


be summarized by the statement that any higher soil-moisture con- 
tent resulting from fall irrigation was found only at times when the 
soil on both the fall-irrigated plats and the check plats was well sup- 
plied with water and that all significant differences in soil moisture 
disappeared early in the growing season, so that the crops showed no 
effects of fall irrigation. 


CHARACTER OF SOIL THE DETERMINING FACTOR. 


The fact that fall irrigation produced no effect on crop yields at 
Belle Fourche while it resulted in decidedly higher yields at Scotts- 
bluff makes it desirable to compare the rainfall and the soil con- 
ditions at the two places. The comparison is shown in Table IX. 
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Taste IX.—Rainfall and soil conditions of the Scottsbluff and Belle Fourche Experiment 


Farms. ° 
Items of comparison. Scottsbluff. |BelleFourche. 
Mean precipitation (inches): 
RTA BE IMAI BARE re NEA ee HO cr RE 0) eg 14. 47 14. 05 
Fall period (August to October, inclusive)..............--.-- ew eae 4, 96 Byes 
Winter period (November to March, TNCLUSIVG) e's spsaeetae sees sales Hials 1.35 2, 15: 
a MoralCAusust toMarch inclusive) see. seeec. -sseseeetaceser eee ase 6.31 5. 90: 
oil: 
TDG cia bap COMO OSE EOE ee Sa oat ern ree OU nee Sandy loam.-} Pierre clay. 
Field moisture-carrying capacity............--2...-.-------- per cent !.. 13 27 
WALI ST COO MICIONIO 2 jcjcs i vizc sais a - clinic = [ae sss slelapereeieisie sieeie do}... 6 17 


1 These figures, which represent average conditions at the two field stations, were obtained from the. 
Office of Dry-Land Agriculture. 

It will be noted that the precipitation at Scottsbluff does not differ 
materially from that at Belle Fourche, either as to the total quantity 
or as to the quantities received during the fall and winter periods. 
The soils represent the essential difference between the two places in 
relation to fall irrigation. The figures showimg moisture-carrying 
capacity and wilting coefficient indicate something of the wide 
dissimilarity of the two types of soil. The sandy loam, being coarse. 
srained, has a low moisture-carrying capacity and a low wilting co- 
efficient. On the other hand, the extremely fine-grained Pierre clay 
has more than double the moisture-carrying capacity of the sandy 
loam and its wilting coefficient is nearly three times as high. 

The soil at Scottsbluff is readily pervious to water to a depth of at 
least 6 feet, and its permeability is higher when the soil is moist than 
when it is dry. Knorr! found with this soil that water applied 
during the regular irrigation season percolated deeper on the plats 
on which the moisture content was relatively high as a result of fall 
irrigation than on the check plats where the soil moisture content 
was comparatively low. This fact, together with the greater quan- 
tity of moisture available in the fall-irrigated plats at planting time, 
is believed to explain the beneficial effects of fall irrigation at Scotts- 
bluff. 

The moisture relationships of the soil at Belle Fourche are very 
different from those at Scottsbluff. At Belle Fourche the soil is 
practically impervious except when it is dry, and the depth of water 
percolation depends chiefly upon the extent to which the soil is 
cracked as a result of dryness. The addition of moisture causes the 
soil to expand rapidly, and as expansion increases permeability de- 
creases. After making an extensive study of water penetration in 
these soils, Mathews? states that “‘On a dry soil, penetration takes 
place rapidly to a depth of about 2 feet because of the cracked con- 


1 Knorr, Fritz. Experiments with crops under fall irrigation at the Scottsbluff Reclamation Project. 
Experiment Farm. U.S. Dept. Agr. Bul. 133,17 p.,5 fig. 1914. 

2 Mathews, O.R. Water penetration in the gumbo soils of the Belle Fourche Reclamation Project. 
U. S. Dept. Agr. Bul. 447, p.11. 1916. 
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dition of the soil near the surface. After the layer of easily pene- 
trated soil becomes wet, it becomes so swollen and compact that it 
is nearly impervious, and further water movement is very slow.” 

The results secured in the fall-irrigation experiments at Belle 
Fourche are in accord with these observations. The application of 
irrigation water in the autumn filled the surface soil to its moisture- 
carrying capacity, but apparently had no effect beyond the third 
foot. Irrigation water applied uniformly to all plats during the 
growing season, together with the natural precipitation, equalized 
the moisture content of the soil in these plats, irrespective of their 
treatment the previous fall. It is important to note also that an 
abundance of moisture was present in all the plats at the time of 
sampling in the spring and early summer and that after this time 
moisture was supplied by urigation. 

These facts account for the absence of significant differences be- 
tween the average yields of crops on the fallirrigated plats and 
those secured on the check plats. It is possible that if an adequate 
supply of moisture had not been maintained by irrigation during 
the growing season the soil-moisture content of the fall-irrigated 
land would have been higher in the spring than that of the check 
plats. It seems certain, however, that where crops are properly 
irrigated during the growing season fall irrigation on this soil will 
have no material effect. 


SUMMARY. 


The light precipitation received during the winter months in the 
Great Plains area commonly causes soil to remain dry from the time 
crops are harvested until the rainy season the following year. In 
some soils this deficiency of moisture may have an unfavorable in- 
fluence on the growth of crops, both by hindering the germination 
of spring-sown seed and by retarding or preventing the desired 
movement of the water received as precipitation or applied in irri- 
gation during the growing season. 

Fall irrigation has been advocated as a corrective of this condi- 
tion in irrigated regions. It has been found efficacious on sandy 
loam soil in western Nebraska, where it resulted in increased soil 
moisture in the spring and in greater moisture absorption by the 
soul throughout the irrigation season. 

In order to test the practice of fall irrigation on a heavy clay soil, 
experiments were conducted at the Belle Fourche Experiment 
Farm, in western South Dakota, in 1914, 1915, and 1916. These 
experiments included wheat, oats, barley, flax, potatoes, sugar 
beets, and corn, each crop being grown each year in duplicate tenth- 
acre plats both on fall-irrigated land and on land which received no 
fall irrigation. 
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There were no significant differences between the average yields 
secured on the fall-irrigated plats and those on the check plats. 

Soil-moisture determinations were made in the spring and early 
summer each year. In 1914 they disclosed no significant differ- 
ences in the moisture content of the soil resulting from fall irriga- 
tion except that in the first two of the three samplings more moisture 
was found in the first 3 feet of the fall-irrigated plats than in the cor- 
responding depths of the check plats. No effect was noted beyond 
the third foot. The difference found in the upper 3 feet existed 
at a time when all the plats contained abundant moisture, and it 
disappeared before the end of June. No significant differences were 
found in 1915 or 1916. 

The failure of fall irrigation to increase crop yields in these ex- 
periments seems to be attributable to the character of the soil at 
Belle Fourche. This soil is a heavy clay, which will absorb water 
only when dry and which expands rapidly when moisture is added 
to it. This expansion so compacts the soil as to make it imper- 
vious, so that the storage of water in the lower depths for the use of 
crops is not practicable. 
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EARLY HISTORY AND GROWTH OF COOPERATIVE ORGANIZATION. 


FOUNDATION. 


While cooperative organization among the farmers of the United 
States usually is regarded as a movement of recent origin, farmers’ 
organizations existed in this country as early as the latter part of 
the eighteenth century. The need for organized effort, however, 
did not become very apparent until about the middle of the nine- 
teenth century. The first half of the nineteenth century was a 
period of rapid development in agriculture as well as in other indus- 
tries, but in so far as the farmer was concerned it was largely a 
period of individual development. The need felt by the farmer for 
organized effort about 1850 gave rise to a number of attempts at 
cooperative purchasing and also brought about the promotion of a 
number of cooperative stores. Coincident with this movement 
among farmers, a similar movement was inaugurated in certain of 
the cities. The establishment of cooperative stores among the fac- 
tory employees in England had proved so successful that employees, 
especially in New England cities, profiting by the experience of the 
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English workers, formed similar associations. A number of organi- 
zations were formed, but before any extensive efforts of this kind 
could be carried out the plans for organization were disrupted by 
the Civil War. 

TREND. 

After the close of the Civil War there began a general movement 
of population toward the virgin lands of the Middle West. The con- 
ditions resulting from the rapid development in the Middle West led 
to a widespread demand for cooperative organization among the 
farmers of that region. The need of organization was not felt so 
keenly in the Eastern States, where the population was more dense 
and business was established on a firmer basis. Affairs in the South 
were badly disorganized as a result of the Civil War. Extensive 
changes were necessary in the industrial system, and the readjust- 
ment took a considerable length of time. Conditions for organiza- 
tion, therefore, were not as favorable as in the Middle West, where 
the cooperative movement spread with greatest rapidity after it once 
had started. 

TYPES OF ORGANIZATION. 

The history of cooperative organization among farmers since the 
Civil War consists of the growth and decline of a number of organiza- 
tions. Many of these organizations were of a local nature, while 
others were State-wide or national in their scope. Among the latter, 
the Patrons of Husbandry, or The Grange, as the organization is 
commonly known, is illustrative of the movement during the late 
sixties and seventies! The Grange is a farmers’ fraternal order es- 
tablished in 1867 for educational and social purposes. The National 
Grange, which is the central organization, was first formed. Later 
a large number of local granges were organized and in many of the 
States these formed State Granges. On account of the demand 
among farmers, the scope of The Grange was soon enlarged to include 
such activities as cooperative buying and selling. This movement 
proved to be very popular among the farmers and resulted in the 
extension of the organization over a large territory in a comparatively 
short period. 

The early growth of The Grange was confined mainly to the North 
Central States, as conditions in this section were favorable. The 
rapid growth of the organization brought it to the notice of the 
rest of the country, so that the movement soon spread to all parts of 
the United States. The activities entered upon by The Grange 
included not only purchasing and marketing ventures but also manu- 
facturing enterprises. Some of the undertakings met with success, 


1 For a more complete history of The Grange see: Aiken, D. W., The Grange: its origin, progress, and 
educational purposes, U. 8. Department of Agriculture Special Report 55, 1883; Atkeson, T. C., Semi- 
Centennial History of the Patrons of Husbandry, 1916; Buck, S. J., The Granger Movement, Harvard 
Historical Studies, vol. 19, 1913 (this book contains a comprehensive bibliography relative to this subject). 
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but a number of difficulties were soon encountered and failure re- 
sulted in many instances. This brought about a decline in the 
movement, so that by 1880 The Grange was practically extinct. 
Since then, however, it has been revived gradually, so that at present 
there are a large number of Granges in existence. 

Other organizations of farmers were established about the same 
time as The Grange, or during its decline. Among the organizations 
which were established during this period were the National Farmers’ 
Alliance and Industrial Union, the Northwestern National Farmers’ 
Alliance, the National Agricultural Wheel, and the Brothers of 
Freedom. 

PRESENT FORMS AND TENDENCIES. 


The farmers’ purchasing and marketing organizations of the 
present time may be divided into noncooperative capital stock com- 
panies and cooperative organizations. The term ‘‘noncooperative 
capital stock company” is used because an organization may be 
formed with capital stock and still be cooperative. The noncooper- 
ative capital stock company is an organization which distributes 
its profits according to the capital invested, by means of dividends 
on capital stock. In a company of this kind there is no limit to the 
proportion of the capital stock one person may own and the stock- 
holders have as many votes as the number of shares they hold. 
This makes the capital stock the ruling factor in the organization. 
In a truly cooperative organization the financial interest of each 
member is limited, each member has the same voting power, and the 
savings ' are distributed by paying a fair rate of interest on the 
capital invested, and by distributing any further savings in the form 
of a patronage dividend, proportioned on the amount of business 
transacted with the organization. Many of the truly cooperative 


organizations of this country are formed on the capital stock plan, — 


but unlike the ordinary capital stock company there is a limit to 
the number of shares each may own, the voting powers of all the 
members are the same, and the stock dividend is limited to a fair 
rate of interest. Nonstock organizations needing capital usually 
charge a membership fee or else borrow the necessary money. 

It is important to distinguish between stock and nonstock forms 
of organization because of the bearing which section 6 of the Clayton 


Act, amending the United States antitrust laws, has on this point.? | 


It is unfortunate that so many of our farmers’ organizations are 
not formed on a strictly cooperative basis, as this fact undoubtedly 
has hindered the growth and development of the work of such 
associations. Among the reasons that can be given for the present 


1 Jn a strictly cooperative organization the gains made in the business are referred to as sayings rather 
than profits. 
' 2 See page 77. 
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condition of affairs is the fact that only within the last few years 
have the laws of the various States made specific provision for the 
organization of truly cooperative associations, and even at the 
present time a large number of States do not have special laws for 
this purpose. The present cooperative laws of some of the States are 
so general in nature that organizations formed in accordance with 
them do not necessarily embody the underlying principles of coop- . 
eration. Therefore a large number of farmers’ organizations have 
been formed under general corporation laws. Many organizations 
that have been formed under general corporation laws might be re- 
organized under cooperative laws, where such laws have been passed, 
with benefit to the members. 

Among the general public there is not a clear conception of the 
differences between the cooperative and noncooperative forms of 
organization, with the result that noncooperative organizations 
frequently are called cooperative. Many of these associations have 
been started by a few persons and are operated for their profit. 
In support of the practice of paying large stock dividends it usually 
is stated that, since the stockholders are the ones who are taking the 
risk and will have to stand any losses that may be encountered, 
they are entitled to all the profits. Organizations which set aside 
an adequate reserve to cover any reverses that are likely to be en- 
countered, protect its stockholders. Such organizations are in a 
position to distribute the profits on a patronage basis after paying 
the stockholders a stock dividend that represents a fair rate of inter- 
est on the money invested. In a noncooperative capital-stock com- 
pany there is always danger of the ownership of capital stock be- 
coming centered in one or a few individuals. The men in control 
may not be farmers, or if they are, they may retire from business 
or move to some other locality, with the result that the men who 
patronize the organization have no hand in its management. 

The incentive to buy up a large amount of the capital stock is 
removed by limiting the stock dividend to a fair rate of interest 
on capital invested, while the limitation of the number of shares a 
member may own effectively provides against the possibility of the 
stock coming into the hands of a few. Some organizations also 
place restrictions on the transfer of stock in order to keep the shares 
in the possession of patrons of the association. 

The separation of farmers’ organizations in the United States into 
cooperative and noncooperative groups is by no means a simple 
task. Some authorities on cooperation insist that an organization 
must meet all the requirements laid down for cooperative organiza- 
tions before it can be classed as such; on the other hand, there are 
persons who class all farmers’ organizations as cooperative. If the 
former method is followed, a large number of the farmers’ organiza- 
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tions in the United States will be excluded from the cooperative class 
because they fail to live up to cooperative rules in every detail. 
After all, the main point to be considered is the extent to which the 
organization works for the benefit of the farmer. An organization 
may never declare a patronage dividend and still be of profit to all 
its patrons. A number of the grain elevators, organized on the 
capital-stock plan, may be cited as examples. They have paid 
out the profits in the form of stock dividends, yet in many cases 
have been of benefit to all the patrons because they have paid a 
higher price for the grain than the farmers had previously received. 

The farmers of the United States have engaged in business along a 
number of different lines. Although the underlying reasons for or- 
ganizing have been quite similar for the various lines of organiza- 
tion, the histories of their growth are different and present some 


very instructive facts. 
ELEVATORS. 


The growth of the farmers’ elevator movement was very slow at 
first but it gradually gained in stability and prominence and began 
to attract more attention and to receive more favorable treatment 
from the commission men and railroads. Since 1900 a number oi 
very successful farmers’ elevators have been established in the 
erain-crowing States of the Middle West. As they became firmly 
established they began to assume a wider range of activity than that 
of handling grain. In some sections it is usual for elevators to ship 
live stock as well as grain, making a separate live-stock shipping 
association unnecessary. 

Marked success also has been achieved by many farmers’ elevators 
in handling such commodities as coal, lumber, brick, flour, feed, 
salt, twine, oils, and similar supplies needed by the farmers. 

The cooperative elevators have frequently met with opposition 
from other dealers in these products. Nevertheless they have been 
able to carry these side lines with a resultant saving to the farmer. 

Various estimates have been made of the amount saved by farm- 
ers’ elevators, but it is difficult to arrive at any definite results be- 
cause of the far-reaching effects of this form of organization. In 
many instances the farmers’ elevators have increased the price paid 
the farmer for his grain; when side lines are carried there has often 
been an additional direct saving; and the dividends paid to the 
farmers by many of the elevators should also be considered. The 
increase in returns on products of the farm through the operation’ 
of these elevators has had a direct tendency to increase the value 
of the land in sections where such elevators are located. 

Practically all of the important Middle West grain States now have 
State associations of farmers’ elevators. These State associations 
make it possible for the local companies to keep in touch with one 
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another and form an effective means of promoting the interests of 
the farmers’ companies. A number of the State associations have 
formed the National Council of Farmers’ Cooperative Associations. 
This organization is the representative of the farmers’ elevator 
companies in matters of interstate and national importance. 

One unfortunate feature of the organization of the farmers’ elevator 
companies is that so many of them fail to live up to cooperative 
principles. At first the organization of a farmers’ elevator was 
considered a hazardous undertaking and it was asserted that the 
people who put money into such an undertaking ought ‘to receive 
its profits in accordance with the amount of their investment. Now 
that the farmers’ elevators are well established, all such organiza- 
tions that are not cooperative should, wherever possible, adopt the 
cooperative plan of organization. Some elevators were organized 
with the assistance of local business men who subscribed for shares 
of stock, and many of them have experienced difficulty in reorgan- 
izing, because the members who are not farmers oppose such a 
move, as it would reduce the size of their dividends. Some of the 
farmer members also make this objection. These members should 
be made to see that the profit has been produced by the handling of 
the grain and should be distributed accordingly, allowing the stock- 
holders only a fair rate of interest on their investment, if their 
organization is to be truly cooperative. 


CREAMERIES AND CHEESE FACTORIES. 


There are approximately 5,500 creameries and 3,500 cheese fac- 
tories in the United States at the present time. The greater number 
are located in the territory east of the western boundary of Minnesota 
and Jowa. The organization of factories for making cheese dates 
from about the middle of the last century; creameries for the 
manufacture of butter were started a few years later. The early 
factories were usually cooperative in form. A number of cooperative 
creameries were established in New England, in New York, and the 
surrounding States. Creameries and cheese factories were not 
established in the North Central States until later, when the country 
became settled and there was a general change from a system of 
grain farming to that of diversified crop production. The first 
cooperative creamery in Minnesota was established in 1889. At the 
present time there are over 600 enterprises of this kind in that State. 

The cooperative creamery has not encountered as well-organized 
opposition as that which the farmers’ elevators have met. At first 
all creameries were local in character so that competition came 
principally from privately owned local plants. Simce the advent of 
the hand separator large centralizing plants which receive shipments 
of cream from an extensive territory have been established. In 
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some localities these plants have been able to compete successfully 
with the farmers’ organizations, with the result that some coopera- 
tive creameries have been forced to discontinue operations. 

While the farmers’ creameries have not had as systematic compe- 
tition as the farmers’ elevators, there have been other handicaps to 
their success. In some cases factories have been established before 
the supply of raw material was large enough to make their operation 
economical. The farmers have in some instances been the victims 
of professional promoters. The benefits of a creamery to a commu- 
nity were set forth in such a way that the farmers were led to expect 
success when it was impossible. Often the promoters received a 
contract for the creamery equipment for which the farmers paid an 
exorbitant price. Many creameries have been established in this 
manner in communities where the number of cows was far too small 
to make their operation profitable. When such conditions have 
existed it is not surprising that the cooperative spirit in some of 
these communities has waned, and that many of the plants which 
were established have failed. 

The farmers’ creameries as a general rule are operated in accord- 
ance with cooperative principles to a greater extent than are the 
farmers’ elevators. This is accounted for by the differences in the 
two lines of business. In the grain business the production is sea- 
sonal and the market is fluctuating; the farmers also are accus- 
tomed to receive their money at the time of delivery of the grain. 
The production of dairy products is not as seasonal as grain pro- 
duction, and the changes in the market are usually less evident. 
Patrons of creameries in many places are accustomed to receiving 
the money for milk or cream oncea month. Itis therefore a common 
practice among cooperative creameries to deduct the expenses of 
operation, set aside whatever is needed as a reserve, and divide the 
net proceeds of the business among the patrons each month in 
accordance with the amount of butter fat delivered by each. Many 
of the farmers’ creameries, therefore, are truly cooperative in every 
sense of the word. Some cooperative creameries set aside a sufhi- 
cient amount to pay interest on capital invested, while others pay 
no interest on the capital. Many of the creameries are nonstock 
organizations; the necessary capital for building and equipping 
the plant is borrowed, and the money is paid back by a small monthly 
assessment on the business transacted. In a few cases a creamery 
has retired its capital stock by purchasing it from the holders with 
the surplus funds obtained by levying a small monthly assessment 
on the raw material delivered to the factory. 

Not all the farmers’ creameries are as near a strictly inane 
type as those described. Some farmers’ creameries pay cash for the 
raw material as it is delivered. Such plants are not able to operate 
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on a strictly nonprofit basis, as it is necessary for them to buy the 
butter fat on a safe margin. The surplus funds thus obtained may 
be prorated quarterly or annually among the patrons, according to 
the amount of raw material each delivers; or it may be paid to the 
shareholders in the form of a dividend on capital stock. In some 
instances large stock dividends have been paid to creamery stock- 
holders, but they are not nearly as common as they are among 
farmers’ elevators. 

Privately owned plants generally pay for the milk and cream as it 
is delivered. This practice has made it necessary for some coopera- 
tive creameries to do likewise, especially in districts where the 
cooperative spirit is not strongly developed and the farmers are not 
accustomed to the cooperative method of distributing the net returns 
monthly. 

A few creameries have undertaken the marketing of eggs. In 
such cases an effort usually is made to supply only high-class trade. 
In order to guarantee the eggs, they are graded and each patron is 
held responsible for the quality. As the eggs are sold on a quality 
basis it is possible to obtain higher prices than would be received by 
the farmers for ordinary ungraded eggs of varying quality. 

At a few cooperative creameries a cooperative laundry is operated 
in connection with the creamery. The creamery patrons may bring 
their family washing at the same time that they deliver the milk or 
cream, and as the work is done at cost the expense is not prohibitive. 

The activities of the farmers’ creameries and cheese factories for the 
most part have been local in character. A few cooperative dairy 
organizations have been formed to market the output of a number of 
creameries and cheese factories, but as yet this movement has not 
become very general. Butter makers, cheese makers, creamery 
officials, and dairymen have formed a number of State and National 
associations, which compare with similar associations among opera- 
tors of elevators. These organizations are primarily for educational 
and protective purposes and also form a msdium for holding contests 
and exhibits of the various dairy products. 


STORES. 


The cooperative store is an older form of organization than either 
the farmers’ elevator or the creamery. A number of such stores 
were in existence about the middle of the last century, especially in 
the New England States. The Lowell Cooperative Association, 
which was established in 1876, is an example of a store that has been 
in operation for a long period. The seventy-seventh semiannual 
report of this store for the six months’ period ending June 30, 1914, 
shows the distribution of about $5,000 as patronage dividends, 
indicating that the organization is cooperative. 
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For various reasons a large number of failures have occurred among 
the farmers’ cooperative stores. This line of business is not as well 
understood by the farmer as is the elevator or creamery business and 
he frequently fails to take into consideration the problems con- 
nected with the management of a store. The member of a creamery 
or an elevator association is in a better position to keep in touch with 
the business, while the members of a cooperative store association 
usually leave the supervision of its affairs entirely in the hands of the 
manager. Although this is a satisfactory arrangement in some cases, 
the manager is not always capable, and in some cases the store has 
even suffered through willful mismanagement. Another factor 
which sometimes causes failure is the fact that the farmers have been 
led to expect greater returns than it is possible to secure, so that the 
members are disappointed with the results obtained and cease to 
support the enterprise. 

The failure of some cooperative stores is accounted for'by the fact 
that they have not been operated in accordance with the’ underlying 
principles of cooperation. The English stores, based on the Roch- 
dale plan of organization, are often cited as examples of successful 
cooperative stores. These stores embody the true principles of 
cooperation in that the voting power and financial interests of the 
members are limited, and the profits are distributed according to 


patronage. 
FRUIT AND PRODUCE ASSOCIATIONS. 


The method of marketing the fruit crop is very complex because of 
the perishability of the commodities handled and because a large 
proportion of the fruit is produced in certain restricted localities from 
which it must be distributed to all parts of the United States and 
foreign countries. The fruit growers of the United States have been 
attracted by the possibilities of cooperative fruit marketing, and 
during the last 25 years a large number of associations have been 
formed which have been very successful. 

The most successful fruit-marketing associations are found in the 
Pacific Coast States, among the citrus fruit growers of California and 
the apple growers of the North Pacific States. These organizations 
owe a large part of their success to the fact that they do more than 
merely attend to the actual selling of the fruit. The fruit crop varies 
in quality; therefore the associations have assisted in standardizing 
the growing of the fruit, and in many instances have taken charge of 
the sortmg and packing. Thus a large quantity of fruit of the same 
gerade and quality is assured, and it is possible to establish trade- 
marked brands which become known to the trade. By conducting 
advertising campaigns on an extensive scale consumers are reached in 
_ large numbers, the consumption of the fruit is increased, a demand is 
insured, and brands are established on the market. A single grower 
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or even a number of growers can not accomplish very much in this 
manner, but when a number of local organizations of growers form a 
central organization, the volume of business is sufficiently large to 
render it practicable to conduct such work on an extensive scale. The 
local fruit-marketing associations have had greater need for central 
organizations than the local elevator and creamery associations, 
consequently such organizations have played a more important part 
in the case of fruit associations. 

While the most extensive organizations for the marketing of fruit 
are found in the Western States, there are a number of such associa- 
tions in other parts of the United States. Most of them are found in 
regions where fruit growing is an important industry, but some are 
found in places where this industry is only a side line. Fruit-market- 
ing organizations formed in regions where the members are not 
dependent on the fruit crop for a living frequently are not very 
successful. 

In some of the truck-growing districts there are extensive organi- 
zations for the marketing of truck crops. Like some of the fruit 
associations, they have been instrumental im establishing uniform 
grades and in selling them under trade-marked brands. In addition, 
a number of local organizations formed for the purpose of marketing 
truck or vegetable crops are scattered over the country. A number 
of such associations have been organized for the sole purpose of 
marketing potatoes, while others which began with potatoes now 
handle a variety of commodities. 


COTTON ORGANIZATIONS. 


The cotton growers of the South have a number of cooperative 
organizations, but the cotton grower is not as well organized as the 
fruit grower, the grain farmer, or the dairy farmer. Because of the 
common custom of securing advances on their growing crop from 
merchants and others, the marketing of the cotton crop, to a large 
extent, has been taken out of the farmers’ hands. This practice 
has stood in the way of any extensive organization among the growers 
for marketing purposes. While the movement is not yet general, 
there are a number of selling associations, warehouses, cotton gins, 
and oil mills that are controlled by growers. 


COOPERATIVE PURCHASING. 


The cooperative purchase of supplies has been carried on among the © 
farmers of the United States for a long time. In some cases the 
farmers have associations organized for this special purpose, but in a 
great number of instances it is carried on in an informal way, without 
a definite organization. The selling associations of farmers frequently 
serve as mediums for the cooperative purchase of supplies. Thus the 
fruit associations often buy supplies needed by the fruit growers, and 
the same custom is followed by other cooperative organizations. 


COOPERATIVE PURCHASING AND MARKETING ORGANIZATIONS, il 


STATISTICS OF COOPERATION. 
METHOD USED IN SECURING INFORMATION. 


In January, 1914, the Office of Markets and Rural Organization 
undertook a survey of cooperative marketing in the United States. 
The first step necessary in a study of this kind was to secure a list 
of the names of the cooperative marketing organizations of the United 
States. A nucleus for such a list was secured from the mailing list 
of the department and to this were added names received from 
various other sources. Through the Bureau of Crop Estimates of 
the Department of Agriculture a letter was sent to the voluntary 
crop correspondents scattered throughout the United States. This 
letter requested the correspondent to furnish the department with 
the names and addresses of all the cooperative marketing organiza- 
tions in his territory. Through the States Relations Service of the 
department additional names were secured from the county agents. 
In addition, some of the agricultural colleges, secretaries of state, and 
State departments of agriculture furnished such lists of organizations 
in their States as were available. From these various sources 
approximately 12,500 names of farmers’ purchasing and marketing 
organizations were secured. 

Questionnaires which called for information relating to the plan of 
organization, the number of members, the kind and volume of busi- 
ness, the method of distributing profits, and other items were sent to 
the organizations on the list compiled by the Department of Agri- 
culture. Many were returned with the information that the organi- 
zations had discontinued business. On account of imaccuracies in 
the names of some of the organizations reported, there were some 
duplicates on the list. In some instances the names proved to be 
those of private concerns, not farmers’ or cooperative organizations 
in any sense. These corrections reduced the number on the list to 
about 12,300. In all, 5,424 organizations have been included in the 
fnnal summations (see Table I). This means that more than 6,000 
organizations have failed to report. It is believed that many of these 
are not actively engaged in business, because they have failed to 
reply to repeated requests for information. It is also probable that 
some of this number failed to reply because they are private concerns 
and therefore do not come within the scope of this survey. 

All of the strictly private concerns and the stock companies in 
which a few stockholders appear to operate the business principally 
for their own benefit have been eliminated, in order to make the 
survey include as nearly as possible only farmers’ cooperative mar- 
keting organizations. While no hard and fast rules of classification 
have been laid down, an attempt has been made to include all of 
those organizations which are composed of a number of farmers and 
are operated primarily for the benefit of the patrons. While a num- 
_ ber of these organizations would not be classed as cooperative under 
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a strict interpretation of the definition of cooperation, it has been 
thought best to include all of those in which the benefits of the busi- 
ness to some extent accrue to the farmer patrons, which benefits 
would not have been secured from a private company, owned and 
operated for the sole purpose of making money in the business. 
There are undoubtedly a number of organizations whose names and 
addresses have not yet been secured, and probably some of those that 
failed to reply are actively engaged in business; consequently this 
survey does not cover all of the organizations. It is believed, how- 
ever, that those included represent most of the going concerns, and 
that the information secured is fairly complete. Many cooperative 
associations reach the point of organization only, as is shown by the 
large number of letters received by the Department of Agriculture 
from farmers, stating that an association had been formed in their 
community, but as yet had failed to do business to any considerable 


extent. 
DESCRIPTION OF TABLES. 


The information secured from the survey has been summarized 
and is presented in Tables I to ILI, mclusive. In Table I the total 
number of farmers’ organizations reporting to the Office of Markets 
and Rural Organization, for each class of business, is shown by States 
as well as for the United States asa whole. (See also Charts 2 and 3.) 
The column headed “Grain elevators and warehouses’”’ includes the 
grain warehouses common in the North Pacific States as well as the 
regular grain elevators. Creameries and cheese factories have been 
grouped together because in a number of instances one plant makes 
both butter and cheese. As many associations handle both fruit and 
produce, these two forms have been grouped in the same manner. 
The miscellaneous class includes the enterprises that could not be 
grouped in any of the other classes. Of the 5,424 organizations in- 
cluded in this report, 1,637 are grain elevators and warehouses, 1,708 
creameries and cheese factories, 871 fruit and produce, 213 cotton, 
275 store, 43 tobacco, 96 live stock, and 581 miscellaneous associations. 


TasiLe I.—Total number of farmers’ organizations reporting for each class of business, 
by States. 


Kind of business. 
Total 
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Taste I.—Total number of farmers’ organizations reporting for each class of business, 
by States—Continued. 


Kind of business. 


Total | 

State. number/ Grain | Cream- 
report-| ejevator |eries and| Eruit Live | Miscel- 
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United States..| 5,424 1, 637 1,708 871 213 275 43 96 581 


Table IL shows the type of organization, the annual volume of 
business, and membership for the organizations reporting on these 
points, arranged according to classes for each State, with a similar 
arrangement for all classes for the entire United States. (See also 
Charts 4 and 8.) So far as possible, the type of organization has been 
indicated. Those that conduct their business as an ordinary stock 
company have been placed in one class and those that operate on 
a more truly cooperative basis have been placed in the other class. 
This does not mean that all the associations in the last-named class 
are organizations without capital stock; on the contrary, a large 
number of them have capital stock because this is the common form 
of organization among farmers’ companies. An association can be 
truly cooperative even though it is formed on the stock-company 
plan. As has been stated, an effort was made to exclude all organi- 
zations owned and operated for the benefit of a few stockholders. 
Those with a large number of stockholders which appear to operate 
principally for the benefit of the patrons have been included, even 
though they are not strictly cooperative in nature. 
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Requests for information were sent out at various times as new 
names were added to the list, and in the case of a number of asso- 
ciations several requests were made before any reply was received. 
This work extended over the years 1914 and 1915; consequently the 
volume of business reported by the organizations is distributed over 
a number of years. A few reported their business for 1912 and a 
few for 1915, but most of the reports cover the years 1913 and 1914. 

fany of the associations reported the volume of business for more 

than one year, therefore there are some duplications. In order to 
get the average volume of business, the reports for the four years 
have all been taken into consideration. The total shown for each 
year must not be taken as the total volume of all associations for 
that year. A total of 889 associations reported their volume of 
business for 1912; 3,099 reported for 1913; 2,877 reported for 1914; 
and 534 reported for 1915. The average volume shown for the years 
1912 and 1915 can not be taken as representative of the true average 
in every case because of the small proportions of the total number 
reporting for those years. 

The last three columns of Table II show the number of each class 
of organization and the total number of organizations reporting their 
membership; the total membership and the average membership per 
association also is shown. (See also chart 4.) The average mem- 
bership of all the organizations reporting is 122. Tobacco associa- 
tions show the largest average, having 336; the miscellaneous asso- 
ciations, 231; stores, 220; live stock, 140; fruit and produce, 124; 
elevators, 102; cotton, 87; and creameries and cheese factories, 83. 
(See also chart 5.) 

All of the organizations did not report on every point concerning 
which information was requested, but using the average of those 
reporting as a basis, estimates have been made of the annual volume 
of business and the membership of all organizations reporting. These 
estimates are shown in Table IIT, and are presented graphically in 
charts 6 and 7. It is estimated that the 5,424 organizations reporting 
have an annual volume of business of $625,940,448 and a total mem- 
bership of 661,728. In the matter of volume of business the elevators 
take the lead with an estimated total of $234,529,716; next come 
fruit and produce associations with a total of $140,629,918; cream- 
eries and cheese factories are third with $83,360,648; then the miscel- 
laneous marketing associations, $48,214,866; cotton associations, 
$34,392,258; stores, $14,552,725; live stock shipping associations, 
$9,482,592; and tobacco associations, $6,746,270. (See also chart 8.) 
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TaBie III.—Estimated volume of business and membership: by kinds of organizations. 


\ 
Annual volume of 


business. Membership. 
Les, INO DOR epee ee ee eT 

Kind of organization. of rant Average Average 
* | Estimated | of organi-|Estimated| of organi- 

total. zations total. zations 
reporting. reporting. 
IG WAOUS IA Pee tao s eco Like SIZED LO 1,637 | $234,529, 716 | $143,268 | 166,974 102 
Creameries and cheese factories.......-..-..---.- 1, 708 83, 360, 648 48,806 | 141,786 83 
HMaunOproOGiUcelsll he. PIT IISI BEV Ss3. BLA 871 | 140,629;918 | 161,458 | 108,004’ 124 
213 | 34,392,258) 161, 465 18,53 87 
275 14, 552, 725 52,919 60, 5C0 220 
43 6, 746,270 | 156, 890 14, 448 336 
96 9, 482, 592 98, 777 13, 440 140 
581 48,214,866 | 82,986 | 134,211 231 


5,424 | 1 625,940,448 | 115, 402 | 1 661, 728 122 


1 at volume of business and total membership obtained by multiplying average reported by total . 
number. 


FARMERS’ GRAIN ELEVATORS AND WAREHOUSES. 


‘Number and location.—The 1,637 grain elevators and warehouses 
that reported are distributed among 23 States, as shown in Table I.. 
North Dakota reports 264, Minnesota 241, Iowa 228, Illinois 192, 
Nebraska 183, Kansas 153, and South Dakota 135. (See also 
Chart 9.) In other words, over 85 per cent of the elevators reporting 
are located in these seven States of the grain belt. In Oregon, 
Washington, Idaho, Utah, and Colorado practically all of the grain 
has been handled in sacks until recently; consequently the farmers 
in these States have operated warehouses instead of elevators. 
Terminal facilities are now being completed in the Pacific coast 
grain centers for handling grain in bulk, and many of the warehouse 
companies are preparing to construct elevators. When the practice 
of handling grain in bulk at the terminal markets becomes general 
the warehouses gradually will be replaced by elevators. One of the 
chief reasons for bringing about this change has been the high cost 
of grain sacks, the price of which has increased rapidly during the 
last two years. 

It is estimated that there are a few hundred farmers’ grain market- 
ing organizations trom which no reports have been received, but as 
the larger and more successful concerns appear to have been the 
most prompt in replying to the request for information, it is believed 
that the majority of those not replying are smaller organizations. 

Plan of organization.—One thousand and seventy-four elevators 
and warehouses report being organized as capital stock companies, 
and 496 as cooperative companies. It must be borne in mind that 
those in the latter group are also for the most part organized with 
capital stock. The first class consists of those concerns which manage 
their business and distribute their profits according to the method 

commonly followed by stock companies. Companies which had 
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only a few members or which appeared to have most of the stock 
owned by one or a few individuals were excluded entirely. While 
1,074 elevators do not distribute their profits in a cooperative man- 
ner, many of them have certain cooperative characteristics. In all 
of them the stock is distributed among a number of farmers; in some 
there is a limit to the number of shares one person may own; often 
there are regulations in regard to the transfer of stock; and many 
of these organizations adhere to the ‘‘one man one vote”’ principle. 
There are many cases where the stock is distributed among farmers, 
few holding more than one share. The main point on which these 
organizations fail to live up to cooperative principles is in the dis- 
tribution of profits, since they fail to make use of the patronage 
dividend. In this connection the fact should be borne in mind 
that many of the States only recently have enacted cooperative 
laws, and in many instances the payment of dividends according 
to patronage has not been provided for. The elevators grouped 
in the cooperative class limit their stock dividends and distribute 
any further profits in the form of patronage dividends. Some of 
these pay patronage dividends to all of the patrons and some only 
to the patrons who are members. Often the nonmembers are paid 
at one-half the rate to members and some associations provide 
that the dividends to nonmembers shall be applied toward the pur- 
chase of a share of stock. The shares in these companies range 
from $10 to $100; in most cases the par value is from $10 to $25. 

Business transacted.—As previously stated, the reports for the 
volume of business are not all for the same year. The average 
volume of business of those reporting was $143,268; applying this 
average to all of the 1,637 elevators reporting, an annual business of 
$234,529,716 1s shown. 

A large number ot elevators carry side lines in addition to handling 
grain. Of the 1,637 elevators, 630, or 38 per cent of the total, 
handle fuel, indicating that the farmers’ elevators have found this 
practice desirable. In most cases farmers themselves shovel the 
coal from the bins in order to reduce the handling charge to a mini- 
mum. Most of the coal is hauled by the farmers on the return trip 
from the elevator during the season when grain is being delivered. 
The largest number of elevators which handle fuel was reported from 
Towa, this State having 99; North Dakota reported 94, Kansas 85, 
Nebraska 82, Minnesota 75, South Dakota 71, and Illinois 66. 

The handling of live stock was reported by 132 elevators. Of this 
number 58, or a little over one-third, are located in Nebraska, show- 
ing how prevalent this practice is in that State; Iowa reported 20, 
South Dakota 13, and Minnesota 12 elevators handling live stock. 
Separate live stock shipping associations have sprung up in many 
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communities during the last few years, and if it were not for this fact 
more elevators might be handling this side line. 

The handling of lumber was given as a side line by 80 aleeare, 
Of this number Iowa reported 33, Nebraska 13, and Illinois 10. The 
much smaller number of Sievers fee lumber. than fuel is 
accounted for largely by the fact that the carrying of lumber as a 
side line requires a greater outlay of capital and also takes up more 
of the manager’s time than does the handling of fuel. It is not neces- 
sary to keep a very large supply of fuel on hand, while a considerable 
stock of lumber is required in order to have a supply of the various 
erades and kinds that are likely to be called for. One elevator re- 
ports having handled $75,000 worth of lumber in one year, showing that 
im some cases lumber is an important item in the elevator business. 

Kansas has 12 of the 28 elevators reporting the handling of fruit 
and produce. Of the 16 elevators handling merchandise, 6 are in 
Kansas and 3 in Montana; 640 elevators report the handling of mis- 
cellaneous products and supplies. In this class are included elevators 
handlmg such materials as binding twine, fence wire and posts, 
cement, oil, and miscellaneous items. 

Members.—In Table II it is shown that 149,618 farmers compose 
the membership of 1,471 elevator and warehouse companies, an 
average of 102 for each company. Using this average as a basis, it 
is estimated that the 1,637 concerns covered by this report represent 
approximately 166,974 grain farmers, all of which directly benefit by 
the organizations of which they are members. A great many farm- 
ers who are not members but who ship their grain through the farm- 
ers’ company derive benefits from it. Among such benefits would 
be the nonmember dividend where paid, and the advantage to all 
farmers in the community if the company in any way secures better 
prices for the farmers than were paid them before its organization. 
Such conditions as these exist in communities where, previous to the 
establishment of the farmers’ company, no competition of any extent 
prevailed in the purchase of grain. From reports received as to the 
number of nonmembers who ship through farmers’ companies, it is 
estimated that at least 125,000 who are not members market their 
erain through the 1,637 elevators covered in this survey. This 
number, plus the number of members, brings the total number of 
farmers doing business with these concerns to approximately 289,000. 

New companies—New companies are being formed constantly. 
No accurate record of the number has been kept from year to year 
but from such information as is available at this time it is estimated 
that several hundred companies were formed during 1914. Not all 
of these reached the point of doing busimess, because of trouble in 
securing capital or some other difficulty. 
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Number and location.—The 1,708 creameries and cheese factories 
which reported are distributed among 39 States as shown in Table I. 
Two-thirds of this number are located in the three States, Minnesota, 
Iowa, and Wisconsin, which States report 624, 301, and 204, respec- 
tively. New York has 75, Michigan 70, and the rest are widely dis- 
tributed among 34 States. (See Chart 10.) 

Plan of organization.—Classified according to the plan of organiza- 
tion as shown in Table II, there are 521 creameries and cheese facto- 
ries which are operated on a capital stock basis and 1,124 which are 
cooperative. In many of the organizations operated on the capital 
stock company plan, the shares are distributed widely among the 
patrons and the plant is operated principally for their benefit. A 
much larger proportion of creameries and cheese factories are truly 
cooperative than is the case with farmers’ elevators. This is due to 
the difference in the method of operation. The elevators pay cash 
for the grain as it is received, while most of the farmers’ creameries 
make payments covering from 10 to 30 days’ deliveries, deduct ex- 
penses and the necessary amounts for a reserve fund from the 
receipts of the sale of butter, and distribute the balance among the 
patrons according to the amount of raw material each has delivered: 
A creamery which operates on this basis is cooperative in the fullest 
sense of the word, even though it may never pay patronage dividends. 
A few of the companies pay the legal rate of interest on stock, charg- 
ing this amount as an operating expense and deducting it from the 
returns. 

Some of the creamery and cheese factory associations are formed 
on the nonstock plan. Jn such an organization the farmers have 
borrowed the necessary capital on a jomt note signed by the mem- 
bers, this loan being repaid by assessments on each pound of butter 
fat or on each 100 pounds of milk delivered. An interesting situa- 
tion is found at some of the creameries that have followed this method 
of financing the enterprise in that the debt has been paid but no one 
has anything to show that he has any interest in the creamery prop- 
erty, and as some of these associations are not incorporated it is a 
question as to who really owns the plant. Some of the organizations 
have found it desirable to buy in the capital stock of its members in 
the saiae Manner as outlmed above; this makes the creamery the 
property of all the patrons. Considerable difficulty would be ex- 
perienced in liquidating one of these companies if the assets exceeded 
the liabilities, as ownership could be claimed by all patrons, past and 
present, who in any way had contributed to the business. 

Business transacted.—The volume of business was reported for 
the years 1912 to 1915, inclusive, some organizations reporting for 
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each year; the average volume as reported was $48,806. Using this 
average as a basis, the annual volume of business for the 1,708 cream- 
eries and cheese factories reporting is $83,360,648. (See Table III.) 

Only 58 of the creameries and cheese factories report handling 
products or supplies other than milk or cream. Five report han- 
dling fruit and produce, four report fuel, three live stock, two grain, 
and forty-four miscellaneous products. There is a striking contrast 
between creamery and cheese factory associations and elevator com- 
panies in this regard. Various reasons may be given in explanation 
of this difference. ‘The creameries and cheese factories have a more 
uniform seasonal distribution of work than do the elevators, and the 
nature of the butter maker’s or cheese maker’s duties makes it incon- 
venient for him to attend to outside duties. It may not interfere 
very much with the work of the elevator manager for him to go out 
and assist a farmer in loading fuel, lumber, or other supplies, but it 
would be an unsatisfactory arrangement to have the butter maker 
divide his efforts between making butter and loading lumber or shov- 
eling coal. The elevators are all on the railroad, are convenient for 
the unloading of supplies, and usually have ample warehouse and 
storage facilities. The creameries are often located at some distance 
from the railroad and usually lack the proper storage places for the 
handling of supplies. | 

Members.—The average membership reported was 83, or a total of 
141,786 members in the 1,708 associations. As in the case of the 
elevators, many farmers are patrons of the creameries who do not hold 
memberships. Unlike patrons of many elevators, however, patrons of 
a large number of the creameries and cheese factories share in the bene- 
fits of the organization on the same basis as members, the farmer who 
delivers all of his product to the company being considered a member. 
There are cases where stock ownership forms the basis of membership, 
and others where the payment of a small fee is necessary to obtain 
the benefits of the association. 

New compames.—The organization movement among dairy farmers 
is much older than that among the grain farmers; consequently, 
during the last few years the number of new farmers’ creameries and 
cheese factories formed has been greatly exceeded by the number of 
farmers’ grain elevators which have come into existence. The most 
rapid growth of the farmers’ elevator movement has occurred during 
the last five years, while the height of the rapid organization period 
with creameries and cheese factories was reached about 1912. 

A few central selling associations are being formed, and indications 
are that a great many of these will be created in the next few years by 
federating the present companies in a given territory, as the opinion 
prevails among the companies that better means must be provided 
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for selling the products now manufactured. Two of the central 
selling companies now operating are described in detail elsewhere in 
this report. 

FRUIT AND PRODUCE MARKETING ASSOCIATIONS. 


Number and location—The 871 fruit and produce associations 
that reported have a much wider distribution throughout the country 
than any other class of cooperative enterprise, 42 States having one 
or more of these farmers’ companies as shown in Table J. (See also 
Chart 11.) The leading States, and the number reporting from each, 
are California 124, Arkansas 63, Florida 55, Washington 52, Oregon 
40, Louisiana 34, Missouri 34, New York 32 and Texas 31. In Cali- 
fornia and Florida organizations of citrus-fruit growers are the leading 
types; in the North Pacific States the apple growers’ organizations 
predominate, and the organizations vary in the other regions of 
the country according to the principal kinds of fruit and produce 
raised in commercial quantities. 

Plan of organization.—Of the fruit and produce associations, 307 
reported operating on the capital stock company plan wanile 504 
reported the cooperative method. Thus compared with elevators, a 
considerably larger proportion of the fruit and produce companies 
follow the cooperative method, while the proportion is somewhat 
smaller than in the case of creameries and cheese factories. 

There is a general trend among cooperative fruit and vegetable 
marketing concerns toward centralized sellmg and unity of action in 
matters of mutual interest other than selling. This is accomplished 
by the federation of small local assembling associations mto district 
organizations; these in turn operate through a central selling agency. 
In some cases the district or local associations federate for gathermg 
crop and market information and for accomplishing other work 
which is impracticable for individual associations, but each retains its 
sales machinery and sales policy. The central sales policy is m 
operation among the citrus growers of Florida and California and 
the walnut and almond growers of California, and has from time to 
time gained and lost in favor among associations in the Pacific 
Northwest. The plan of federation for gathering information and 
perfecting better distribution has been used by numerous cooperative . 
and, independent companies in vegetable districts m handling un- 
usually heavy crops. 

A history of the cooperative movement in many of the fruit and 
produce districts would show numerous experiments and a rise and 
fall in the support of the organization from one year to another. 
Practically all new districts pass through the same general experi- 
ence as that through which the older organizations passed; conse- 
quently, the most successful cooperative fruit and vegetable market- 
ing concerns are usually found in districts where these associations 
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are not of comparatively recent origin. There are a few exceptions, 
such as several of the district organizations in the Pacific Northwest 
which have made rapid progress during the short periods in which 
they have been in existence. 

Cooperation in the marketing and distributing of fruit and vege- 
table products is found to exist in its greatest strength in sections 
“which are far removed from the consuming centers of the country. 
In other words, necessity will bring about cooperative organization 
in order to overcome such handicaps as a long distance from market, 
the perishable nature of the product which requires skill in marketing 
and distributing, and lack of sufficient buyers in the fields to purchase 
the entire crop regularly for cash. 

Business transacted—The average annual coluiue of business 
reported is $161,458. Since the total number reporting was 871, 
this amount gives an estimated total annual volume of business af 
$140,629,918. In determining this sum care was taken to exclude 
the figures for the large central organizations, in order to have a 
representative average, for, if several of these large enterprises were 
included, the increase in the average would lead to considerable 
error in estimating the total volume of business. The volume of 
business of the central organization is the sum total of the business 
of the local organizations of which it consists, so if these as well as 
the centrals were included, there would be a duplication. 

Box shooks, paper, nails, spray materials, and general growers’ 
supplies are handled by practically all of these organizations. As 
most of the companies finance the members in purchasing supplies, 
they have found it less difficult to handle the articles which are 
needed in large quantities than to depend on various outside sources. 
Prices, quality, and supply fluctuate to such an extent that many 
erowers have been seriously handicapped in securing the desired 
articles at the proper time from the miscellaneous sources available. 
The handling of supplies has been found a profitable business to 
both the company and the grower and when once begun the practice 
is seldom discontinued. 

Products and supplies are handled by 190 of the fruit and produce 
associations reporting. Forty-five are engaged in canning; the 
handling of fertilizers is reported by 11; grain is handled by 5, and the 
same number report fuel; 4 report merchandise; 2 ship live stock; 
and 118 handle a number of products classed as miscellaneous. 

Members.—The average number of members reported by 778 fruit 
and produce associations is 124, and the estimated total membership 
- of 875 associations reporting is 108, 004. 

Usually producers must take out a membership in order to hip 
their products through these organizations. Membership fees range 
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from $5 to $100, and the memberships are nontransferable in prac- 
tically all cases. In a few imstances the mere signing of contracts 
to deliver all of certam products to the association for sale, con- 
stitutes membership. These contracts are continuous and the 
grower’s right to cancel them is restricted to certain periods of each 
year. 

New companies.—Cooperation among fruit and produce associa- 
tions is passing through a stage of experimental development in most 
sections of the country, and is developmg rapidly in many of the 
truck and newer fruit producing sections of the United States, es- 
pecially in the South. New concerns are launched each year. 
Although some of them endure but a short time, indications point 
toward a rapid development in the next few years in cooperative 
methods of handling perishable products in the producing sections of 
the country. 

Fruat and vegetable canneries.—Forty-five of the companies which 
are classed as fruit and produce associations in this study operate 
canneries. Practically all of these organizations are engaged pri- 
marily m canning fruit and vegetable products, but most of them ship 
products in the fresh state when markets are considered good. The 
largest number of farmers’ canneries are found in Indiana and the 
North Pacific States; the business ranges from $10,000 to $1,500,000 
each per year. Various small berries, larger fruits, and vegetables 
are canned. A few of these concerns operate vinegar plants and 
evaporators in conjunction with the canning busmess. 

About $3,500,000 was received for canned and dried fruits and 
vegetables by cooperative canning plants in 1914. This is a com- 
paratively small amount, since the value of this business as a whole 
in the United States for 1914 was in excess of $158,000,000. Few 
farmers’ canneries have succeeded. In one State alone 80 canneries 
which were organized during a period of 10 years by local farmers 
are now out of existence. None attained any degree of success. 


COTTON ORGANIZATIONS. 


Reports were received from 213 cotton associations distributed 
among 14 States. Over one-half of them are located in the States 
of Texas and Georgia,-the former reporting 71 and the latter 44. 
Alabama reported 19, Arkansas 15, South Carolina 14, Oklahoma 13, 
Mississippi 11, and North Carolina 10; and the remainder are scat- 
tered over the other cotton-producing States of the South. Prac- 
tically all are cotton warehousing associations. Comparing the 
number of grain elevators and the number of cotton associations, it 
is evident that the cotton growers of the South are not nearly as 
well organized as the grain growers of the North Central States. 
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The capital stock company plan of operation seems to be the 
favorite plan for the cotton associations, 156 reporting this form and 
40 reporting the cooperative form. The cotton organizations resemble 
the grain elevators in this respect. 

The average volume of business of the organizations reporting on 
this point was $161,465. This makes a total for the 213 organiza- 
tions of $34,392,045. 

One hundred and forty-five associations reported an average of 
87 members, which number gives a total of 18,531 members for the 
entire 213 associations reporting. 

The handling of other products and supplies was reported by 25 asso- 
ciations. Of this number, 7 handle fertilizers, 3 grain, 1 fuel, and 14 
miscellaneous products. 


COOPERATIVE STORES. 


The 275 stores that reported are well distributed over 35 States. 
Kansas has 36, Wisconsin 32, Minnesota 30, North Carolina 17, and 
Towa 14. (See Table I.) It is probable that there are a number of 
cooperative stores in existence whose names have not been secured, 
for it was found that the agencies that furnished the names were 
more likely to overlook cooperative stores than any of the organiza- 
tions engaged more directly in the marketing of agriculturai products. 

More stores reported as operating under the cooperative plan than 
under the stock company plan of doing business; 163 reported the 
former and 90 the latter plan. 

The average volume of business reported was $52,919, making a 
total of $14,552,725 for the 275 stores which replied. The average 
number of members reported by the stores was 220 per association, 
a total of 60,500 for the 275 stores. Of the 275 stores, 97 reported 
handling side lines; 15 reported fruit and produce, 6 of these being 
in Kansas; 9 reported gram; 8 reported fuel; 6 ship cream, 4 of these 
being in Kansas; 5 handle fertilizers; 4 cotton; 3 lumber; 1 live stock; 
and 46 handle miscellaneous products and supplies. 


TOBACCO ASSOCIATIONS. 


The State of Kentucky is the home of 21 of the 43 tobacco asso- 
ciations reporting. There were 7 in Ohio, 5 in North Carolina, and 
5 in Virginia. Of the 39 tobacco associations concerning which infor- 
mation on the type of organization was obtained, 32 were placed in 
the capital stock company class and the remaining 7 in the coopera- 
tive. The average volume of business of those reporting on this point 
was $156,890, making a total annual volume of $6,746,270 for the 
43 organizations reporting. The average membership reported by 
tobacco associations is larger than for the other kinds of busimess, 
being 336, or a total of 14,448 members in the 43 associations. The 
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activities of these organizations are restricted largely to the handling 
of tobacco. Only two reported the handling of any other product; 
one reported fertilizers and the other miscellaneous products. 


LIVE STOCK ASSOCIATIONS. 


Farmers’ associations for the marketing of live stock are of recent 
origin, most of them having developed during the last few years. 
The form of organization is more or less informal. As most of them 
do not own any property or need any great amount of capital, they 
are frequently not incorporated under the State laws. On this 
account there are undoubtedly a number of live-stock shippmg 
associations of which the names have not been reported, and also 
a large number that have failed to reply to the request for informa- 
tion. In all, 96 of this class reported; 30 are in Minnesota, 25 in 
Nebraska, 20 in Iowa, and the remaining 21 are distributed among 
11 States. 

The method commonly used by these organizations is to ship 
the stock and, after the returns of the sale are received, to make 
deductions to cover the necessary expenses, including the manager’s 
commission, and to pay the remainder to the farmers. It is therefore 
not strange that 64 of the associations reported the cooperative form 
of organization and that only 17 followed the stock company method 
of doing business. 

The average volume of business reported is $98,777, or a total of 
$9,482,592 for the 96 associations. The average number of members 
is 140, or a total of 13,440 members. 

Side lines are handled by 35 of these live stock associations. Fuel 
is reported by 9, lumber by 5, merchandise by 1, produce by 1, 
cream by 1, and miscellaneous products and supplies by 18. 


MISCELLANEOUS ORGANIZATIONS. 


Of the organizations reporting, 581 were classed as miscellaneous. 
(See Table I.) Some of these handle only one product, while others 
market a variety of products. When only a few associations were 
handling a certain product, they were placed in the miscellaneous 
class, as were the organizations whose kind of business could not be 
ascertained accurately. The geographical distribution of the mis- 
cellaneous organizations is fairly uniform, 47 of the States being 
represented. The leading States in poimt of number are Ne- 
braska 46, Kansas 39, Maine 39, California 34, Iowa 31, North Caro- 
lina 28, Washington 28, Minnesota 27, Idaho 26, and Illinois 24. 

The miscellaneous organizations show a larger number reporting 
the cooperative plan than the stock plan, there bemg 313 of the 
former and 219 of the latter. The average annual volume of business 
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of this class of organizations is $82,986, making the total for the 581 
organizations $48,214,866. 

Four hundred and ninety-four organizations reported an average 
membership of 231; at this rate the total membership in the 581 
associations is 134,211. 

Some of the associations which have been included in the miscel- 
laneous class failed to report the products and supplies handled. The 
others reported handling a variety of products. Fruit and produce 
are handled by 68, fuel by 43, lumber by 42, fertilizers by 42, grain 
by 22, nuts by 19, cream by 13, cotton by 12, live stock by 7, mer- 
chandise by 5, tobacco by 3, and miscellaneous products and supplies, 
other than those mentioned, are handled by 339. 


COOPERATION IN REPRESENTATIVE STATES. 


In order to give a clear presentation of the status of organization 
in the various parts of the United States, brief statements showing 
the results of the survey in different States are included. By selecting 
States representative of the different sections of the country, the 
varying conditions surrounding the organization of the farmers are 
shown. Several of the States of the North Central group have been 
included because in this section cooperation among farmers is more 
general than in any other part of the country. States have been 
selected also to show the extent of agricultural organization among 
the fruit growers of the West, the farmers of the South, of the tobacco 
belt, the truck-growing regions, and the older farming regions of the 


North Atlantic States. 
MINNESOTA. 


Minnesota leads the States in the number of cooperative organ- 
izations of farmers. Of the 5,424 organizations in the United States 
which are included in this survey, 980, or 18 per cent of the total, 
are located in Minnesota. The prominence of Minnesota’s place in 
the matter oi marketing organizations among the farmers is largely 
due to its importance as a dairy State. Cooperative creameries and 
cheese factories make up about 63 per cent of Minnesota’s total, while 
the elevator companies comprise about 25 per cent. The remaining 
12 per cent include live-stock shipping associations, fruit and produce 
associations, and a few miscellaneous organizations. 

-The creameries and cheese factories of Minnesota show the possi- 
bilities of such farmers’ organizations. Over 600 of the 850 cream- 
eries of the State are owned by the farmers. Table II shows that 
most of these creameries are cooperative in character. Nearly all of 
the farmers’ associations in Minnesota which report the stock- 
company plan of organization are farmers’ elevators; the other 
classes adhere much more closely to cooperative principles in the 
method of conducting their business. 
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An estimate of the volume of business transacted by the farmers’ 
marketing organizations of Minnesota can be made by using the 
figures reported by a large proportion of the associations as a basis. 
The total annual volume exceeds $50,000,000. The 980 organiza- 
tions reporting have about 90,000 members, which gives an indica- 
tion of the extent of organization among farmers for manufacturing 
and marketing purposes in this State. 


IOWA. 


As Iowa is represented by 505 farmers’ marketing organizations, 
it is second to Minnesota in number reporting. Conditions in Iowa 
and Minnesota are very similar, and the farmers’ organizations have 
followed the same lines in both States. The two leading forms of 
organization in lowa are elevators and creameries, as these two 
classes make up over 85 per cent of the total reporting. Lowa falls 
behind Minnesota in total number of organizations largely because 
of its smaller number of creamery and cheese-factory associations, 
lowa reporting 204 and Minnesota 624 organizations of this character. 


WISCONSIN. 


Wisconsin ranks third in the number of organizations reporting. 
Conditions in this State differ somewhat from those in Minnesota 
and Iowa. The latter are important grain-raising States and have a 
number of farmers’ elevators, while in Wisconsin, where grain is not 
grown on such an extensive scale, there are comparatively few far- 
mers’ elevators. Wisconsin is an important dairy State; therefore 
75 per cent of the companies reporting are creameries or cheese 
factories. In Minnesota and Iowa nearly all of the dairy organiza- 
tions are creameries, while in Wisconsin there are a large number of 
cheese factories as well. The other forms of organization found in 
Wisconsin are of the same nature as those found in Minnesota and 
Towa. 

KANSAS. 

Kansas is another member of the group of States where farmers’ 
organizations are the most numerous. It is an important grain 
State; consequently over 60 per cent of the associations reporting 
from this State are farmers’ elevator companies. Kansas may be 
contrasted with Wisconsin in the matter of farmers’ associations; 
the former has a large number of grain elevators and only a few 
creamery or cheese-factory organizations, while the situation is 
reversed in the latter State. 


CALIFORNIA. 


Conditions surrounding the organization of farmers in California 
are decidedly different from those in the North Central States. 
California is one of the leading fruit-growing States, and as the fruit 
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grower has found it profitable to organize for the marketing of his 
products, it is not strange that over 60 per cent of the organizations 
which reported from this State belong to the fruit and produce class. 
The others consist of creameries and cheese factories, stores, olive 
and nut associations, and various miscellaneous farmers’ marketing 
enterprises. 

Cooperation in this State is noted especially for the central organi- 
zations made up of local units which are found among the citrus, 
walnut, almond, raisin, and apple growers. The elevators and cream- 
eries of the North Central States for the most part have been con- 
tent with the method of allowing each local concern to look after the 
marketing of its own products independent of neighboring associa- 
tions of the same character. The fruit growers of California have 
found it advantageous to unite their local associations into central 
selling bodies. It must not be inferred that this is the only State 
where such central organizations are found, for there are a number 
of examples of such centralization throughout the United States, 
but the success of this form of endeavor has been particularly notable 
in California. 

THE NORTH PACIFIC STATES. 

The four Pacific Northwestern States—Oregon, Washington, 
Idaho, and Montana—may be grouped together in considering 
farmers’ marketing activities. Conditions are similar in the four 
States with reference to organization and some of the lines of activity 
extend to all of the States in the group. Of the 329 organizations 
which reported from these four States, about 35 per cent are fruit 
and produce associations, 30 per cent are grain elevators or ware- 
houses, 15 per cent are creameries or cheese factories, 7 per cent are 
stores, and 13 per cent are classed as miscellaneous associations. 

The central selling organizations found in these States among the 
apple growers are the most notable. For the last five years various 
movements have been set on foot to make the fruit growers’ associa- 
tions in these States more effective. These movements have resulted 
in the rise and fall of numerous central selling or other associations, 
and a continual changing of affiliations and policies on the part of 
local associations. In this region are a number of very successful 
canneries Which have been established to take care of fruit and vege- 
table products which can not be marketed to advantage in the fresh 
state. Not all of the canneries established have been successful, for 
a large number of failures were reported. 


TEXAS. 


The State of Texas may be considered by itself because of the con- 
ditions here represented. Over 50 per cent of the organizations re- 
porting from this State are cotton associations and about 20 per cent 
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are fruit and produce associations. In the remaining number are a 
few creameries, a few grain elevators, and some miscellaneous 
organizations. 

FLORIDA. 

Florida, like California, is interesting because it is represented 
largely by organizations for the marketing of perishable products, 
such as citrus fruits. About 80 per cent of the organizations reporting 
from this State belong to the fruit and produce class, which indicates 
the importance of this form of organization in the State. The other 
associations in the State belong principally to the miscellaneous class. 


NORTH CAROLINA, SOUTH CAROLINA, AND GEORGIA. 


The States of North Carolina, South Carolina, and Georgia have 
been placed in one group, since they are representative of that section 
of the United States. Of the total number of organizations which 
reported from these three States, about 41 per cent handle cotton in 
the capacity of warehousemen, this form of organization being espe- 
cially common in Georgia; about 12 per cent handle fruit and prod- 
uce; about 12 per cent are stores; over 25 per cent fall in the mis- 
cellaneous class; and the neues consists of a few creameries and 
tobacco seins Pome and one live-stock association. 

KENTUCKY. 


From the standpoint of organization of producers for marketing 
purposes, the State of Kentucky is interesting because of its tobacco 
erowers’ associations. Almost one-half of the tobacco associations 
from which reports have been received are located in this State. 
Kentucky reported 66 organizations, and of this number 21 are 
tobacco associations, 15 are fruit and produce associations, 17 are 
listed as miscellaneous, 6 are stores, 6 creameries or cheese factories, 
and 1 a grain elevator company. 


VIRGINIA, MARYLAND, AND DELAWARE. 


The States of Virginia, Maryland, and Delaware reported a total 
of 82 marketing associations. Of this number, 39 are miscellaneous 
organizations, 22 are fruit and produce associations, 12 are creamery 
or cheese factory associations, 5 handle tobacco, and 1 handles live 
stock. These States are in a truck and fruit growing section, and 
this fact accounts for the organizations which handle fruit and pro- 
duce. There are some good examples of central marketing organiza- 
tions among the truck growers in this section of the United States. 

NEW YORK. 


One hundred and twenty-four organizations in the State of New 
York reported. About 60 per cent of this number are creamery and 
cheese factory associations, about 25 per cent handle fruit and prod- 
uce, and the rest is made up of a few cooperative stores and miscel- 
laneous organizations. 


\ 


COOPERATIVE PURCHASING AND MARKETING ORGANIZATIONS, Al 
THE NEW ENGLAND STATES. 


The New England group of States reported a total of 157 marketing 
organizations. Of this number 61 are creameries, 49 are miscella- 
neous, 27 handle fruit and produce, 19 are stores, and 1 is a grain 
elevator. 


REPRESENTATIVE TYPES OF COOPERATIVE ORGANIZATIONS. 


Requests for more detailed information were sent out to some of 
the larger cooperative associations and also to organizations typical 
of a certain class or illustrative of some special development along 
cooperative lines. The data secured from the replies to these requests 
furnished the basis for the brief statements which follow. This infor- 
mation is included in order to show what is being accomplished by 
some oi the cooperative organizations. 

These particular organizations were selected because more detailed 
information as to their methods of operation was available for them 
than for other representative cooperative associations. A great many 
cooperative companies besides those mentioned here are worthy of 
study and special consideration by students of cooperation and by 
those who are contemplating the formation of new cooperative 
enterprises. 

THE CALIFORNIA FRUIT GROWERS’ EXCHANGE. 

The California Fruit Growers’ Exchange is a cooperative organiza- 
tion of citrus growers through which over 60 per cent of the citrus 
fruit shipped out of California is distributed. The annual report of 
the general manager for the year ending August 31, 1916, shows that 
the exchange shipped 24,024 cars of oranges and grapefruit and 
5,799 cars of lemons during the year. The amount returned to the 
growers for this fruit exceeded $27,000,000. At present over 8,000 
growers are members of the exchange. 

The growers are organized into local associations, which in turn 
are members of district exchanges, and these are united in the central 
exchange. The local associations are made up of the growers in a 
community, the membership ranging from 40 to 200. The fruit is 
assembled and prepared for shipment by the local associations. The 
district exchanges order cars for the local associations in their re- 
spective districts, keep records of the cars shipped, receive the returns 
from the central exchange and distribute the proceeds to the local 
associations, and keep the local associations informed with regard to 
matters pertaining to the industry. The central exchange provides 
the facilities for the distribution and marketing of the fruit of its 
members. 

The California Fruit Growers’ Exchange has agencies in the prin- 
cipal markets of the United States and Canada which represent the 
exchange and its members exclusively. In this way the exchange is 
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able to exercise careful supervision over the distribution of the 
products of its members and also to secure daily information with 
regard to conditions in the various markets. The exchange has a 
number of departments which undertake different lines of work. 
Thus, the sales department looks after the marketing of the fruit; 
the traffic department takes up matters relative to transportation; 
the field department assists in the standardization of the fruit and 
its preparation for market, and also in securing new members; the 
advertising department handles the work of advertising the products 
of the members; and the legal department keeps the exchange and 
its members informed with regard to legislation affecting the industry. 

Supplies needed by the growers are purchased through a separate 
organization known as the Fruit Growers’ Supply Co. This company 
reports handling a business of over $4,000,000 during the year ending 
August 31, 1916. The supplies purchased by the members through 
this organization include box shooks, labels, tissue wraps, spray 
materials, fertilizers, and other packing-house and orchard supplies. 


CALIFORNIA ALMOND GROWERS’ EXCHANGE. 


Unsatisfactory conditions surrounding the marketing of almonds 
led to the organization of the California Almond Growers’ Exchange. 
The first almond growers’ association was organized almost 20 years 
ago and similar organizations were formed from time to time. As 
these organizations found that they could not accomplish a great 
deal individually, it was decided to unite, and as a result the Cali- 
fornia Almond Growers’ Exchange was established in 1910. When 
first organized the exchange consisted of 11 associations made up of 
about 230 growers, while at the present time there are 18 associations 
with a total membership of about 1,000. 

The purpose of the exchange is to secure a fair price for the product 
of the member associations at as low a cost of marketing as possible. 
Through further centralization, duplication of sales machinery is 
avoided, more efficient distribution can be secured, and a general 
control of the product makes advertismg on an extensive scale 
possible. 

The California Almond Growers’ Exchange consists of a number 
of local nonstock associations with a membership fee ranging from 
$1 to $2.50. The local associations are formed in communities where 
sufficient almonds are grown to make this advisable, and the associa- 
tions thus formed affiliate with the central exchange. By special 
arrangements, growers in districts where there are no local associa- 
tions may market eoden the exchange. A contract date is set — 
after which no growers’ tonnage will be accepted for sale. In this 
way a fairly accurate estimate of the prospective crop is secured which 
enables the sales department of the exchange to make arrangements : 

’ for placing the crop. 


COOPERATIVE PURCHASING AND MARKETING ORGANIZATIONS. 43 


. Pools are maintained for each variety of fancy grade and the ex- 
penses of each pool are kept separate and charged to the almonds in 
that pool. The almonds that are not of the fancy grade are sold 
separately. Sales are made over a large part of the United States 
and as many as 600 wholesale dealers have handled the organization’s 
output in cne season. A nut-shelling plant has been erected, and it 
is planned to develop the eastern demand for shelled almonds. The 
present annual volume of business is about $750,000, which will be 
increased within the next few years because of the large acreage 
planted to this crop which as yet is not in bearing. 


THE DELTA CREAMERY CO., CALIFORNIA. 


The Delta Creamery Co. was formed in 1910. Its membership is 
composed of dairymen and the business is operated for their mutual 
benefit. The returns from products handled by the company have 
been much more satisfactory than those received when the members 
marketed them individually. 

The ereamery has established a wholesale house in San Diego and 
at present about one-third of its output is marketed through this 
outlet with good results. Ii is planned to extend this method of sell- 
ing so that the entire output can be sold in this way. The manager 
states that he believes the creamery owes its success in a large measure 
to its efficient employees and to the businesslike methods used in 
conducting the operations. 


THE FLORIDA CITRUS EXCHANGH. 


The Florida Citrus Exchange is a cooperative nonstock association 
which was formed on account of unsatisfactory conditions surround- 
ing the marketing of the citrus fruit of Florida. Before this organi- 
zation was formed each grower attended to the marketing of his own 
fruit and, as a consequence, proper supervision was lacking and sufli- 
cient attention was not given to grading and packing. Most of the 
packing was done in sheds, barns, and similar places, and little atten- 
tion was given to the appearance of the fruit. During a period of six 
years a number of packing houses were built, and at present the 
Florida Citrus Exchange with its allied membership has about 
$600,000 invested in such plants. An idea of the growth of the ex- 
change is obtained from the statement that about 700,000 boxes of 
fruit were handled during its second year, while mm 1915 it handled 
over 2,000,000 boxes. At first the loss on account of decay was large, 
but because of improved methods this loss has been greatly reduced, 
until at the present time it is comparatively small. 

The exchange has been instrumental in securing new markets for 
Florida fruit. In the early days of the organization fruit was shipped 
to but 18 or 20 markets, while at the present time there are approxi- 
mately 135 agencies throughout the United States and Canada which 
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handle the output. During the last four years $250,000 has been 
spent in advertising the brands of the exchange. It is considered 
that this money has been well spent, as a reputation has been built 
up by proper grading and standardization which has been brought 
to the attention of many dealers and consumers, thus increasing the 
demand and resulting in greater consumption and better distribution. 

The Florida Citrus Exchange consists of four divisions: First, the 
individual growers; second, the local associations made up of indi- 
vidual growers; third, the subexchanges made up of local associa- 
tions; fourth, the central exchange made up of the subexchanges. 
. The growers are the producers and the owners of the entire business. 
The local associations look after the picking, haulmg, packing, and 
loading of the fruit belonging to its members. The subexchanges 
act as forwarding agents for the associations. The central exchange 
takes care of the selling, collecting, advertising, and kindred matters. 


FARMERS’ UNION OF MAINE. 


The Farmers’ Union of Maine was organized in 1912 as a result of 
a movement started by the Bureau of Markets and Supplies of the 
State Agricultural Department. A number of local associations were 
formed, which in turn formed a central organization called the 
Farmers’ Union of Maine. At present there are over 70 local unions, 
every county in the State being represented by one or more unions. 
A local union becomes affiliated with the central organization by the 
purchase of five shares of stock at $10 each. 

The local unions began the shipping of potatoes in 1912 and shipped 
about 250 carloads during that season. Early in 1915 the union 
secured a stall in the Boston and Maine Railroad produce house in 
Boston and placed a man in charge: A total business of $250,000 
through this house is reported for the year 1915. 

There was a demand among the farmers for supplies such as grain, 
flour, and feed, and the manager of the union succeeded in organizing 
the Farmers’ Union Grain and Supply Co., which contracted with a 
private wholesale concern to handle supplies for the union. This 
company did a business of $250,000 during last year. In the fall of 
1915 the local unions voted to buy the private wholesale house, each 
local giving its note for $500. It is estimated that the savings will 
pay the interest and retire the notes in about five years. 

The Farmers’ Union has effected a saving to the farmers in the 
matter of contracting for fertilizers. It had been customary for the 
farmers to purchase a large amount of these on credit, which meant 
the payment of considerably more than the cost price. The union 
was able to make a contract at a lower price than individual farmers 
were paying, and this new price was instrumental in reducing the 
cost to all the farmers. 
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The local unions have erected 23 warehouses or shipping houses, 
25 grain stores, 3 grocery stores, and a gristmill. A wholesale 
grocery house and a flour mill are under consideration. The gross 
business during 1912-13 was $324,000 and in 1914-15 it was $800,- 
000, an indication of the rapid growth of the business. 

THE LITCHFIELD DAIRY ASSOCIATION AND THE LIVE STOCK SHIPPING ASSOCIATION, 
MICHIGAN. 

During the winter of 1910-11 the patrons of the local creamery 
at Litchfield, Mich., became dissatisfied with the prices paid them 
for butter fat. As a result the farmers purchased the creamery, 
and it has been conducted on the cooperative plan since that time. 
The annual volume of business has increased from 125,000 pounds 
of butter to 600,000 pounds. The creamery has been very suc- 
cessful and now has approximately 600 patrons, to whose coopera- 
tion, the manager states, the success of this enterprise is largely due. 
Other factors which have contributed to its success are good markets 
for its output, modern equipment, and efficient management. 

Encouraged by the success of the creamery, the Live Stock Ship- 
ping Association was organized as a separate company by prac- 
tically the same farmers who are interested in the creamery. The 
manager of the creamery is also manager of the Live Stock Shipping 
Association, and the business of both enterprises is handled from 
the same office. Members ship their stock on regular shipping days 
to the terminal markets in carload lots. Returns, less actual cost 
of handling and a small reserve fund, are prorated to each member. 
Ail stock shipped is marked and sold according to grade. This 
association is one of the earliest live-stock shipping associations and 
one of the most successful. 


MINNESOTA COOPERATIVE DAIRIES ASSOCIATION. 


The Minnesota Cooperative Dairies Association was organized in 
the summer of 1907 to bring about better marketing conditions 
among Minnesota creameries. It is a capital stock organization, 
and the shares are held by a number of cooperative creameries. 
In 1908 the association appointed an agent in Chicago to handle 
the butter consigned, and in 1909 similar arrangements were made 
with agents in New York and Philadelphia. As the agents ap- 
poimted were regular butter dealers in these markets, this method 
of marketmg did not differ materially from the method commonly 
employed. 

It was the original plan of the association to have its own butter 
houses at the principal markets and to sell the output of the member 
creameries through them. In accordance with these plans a distrib- 
uting office was opened in New York in the summer of 1915. On 
account of the short time this venture has been in operation it is 
not possible to say how successful or far-reaching the results will be. 
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The Ozark Fruit Growers’ Association is found in southern Mis- 
souri and northern Arkansas. The principal products marketed are 
strawberries and peaches. The organization consists of a central 
association which markets the fruit of a number of local associations 
affiiated with it. The secretary reports that there are 500 members, 
that the capital stock is $2,000, divided into shares of $1 each, no 
member owning more than 10 shares. Several hundred carloads of 
strawberries and peaches are marketed annually. The total business 
transacted in 1915 amounted to approximately $600,000. 

This association has been successful in standardizing its products 
and making its brand known to the trade. A new venture recently 
undertaken is the use of various trade papers in advising the trade 
generally of the association’s output through advertisements carried 
during the marketing season. Marketing conditions and returns to 
growers have been much more satisfactory since the creation of this 
sales agency. As in the case of most successful fruit associations, 
better distribution has been obtained, together with a standardiza- 
tion of output and sales methods. 


TILLAMOOK COUNTY CREAMERY ASSOCIATION, OREGON. 


Previous to 1904 both the private and cooperative cheese factories 
of Tillamook County marketed their output individually by shipping 
to Portland dealers. This method was unsatisfactory because there 
was not a proper distribution, and as a result the dealers took advan- 
tage of the gluts in the market during the season of heavy production. 
In 1903 the Tillamook factory adopted the plan of distributing the 
output among several cities, according to demand. ‘This venture 
was so successful that several plants appoimted a sales manager to 
handle their output in a similar manner. The success of these 
plants was an impetus to cooperation, and gradually most of the 
private factories were taken over by the farmers. 

In 1909 nine of the farmers’ cheese factories organized the Tilla- 
mook County Creamery Association. The association engaged an 
inspector whose duties included general supervision over the cheese 
making, regular visits to each factory, and the giving of suggestions 
and lending of assistance where needed. This proved to be a wise 
move, as it has made the factories more efficient and has resulted 
in a product of better quality and greater uniformity. The associa- 
tion has a trade-mark for all cheese which measures up to the associa- 
tion standard when inspected. 

The factories also cooperate in having a secretary-salesman who 
at the present time keeps the books and looks after the marketing 
of the product from 20 of the 23 factories in the county. The secre- 
tary receives frequent reports from the inspector and from the cheese 
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makers and is therefore at all times in a position to know the amount 
of cheese to be sold. He keeps in touch with the dealers and also 
with the eastern markets. The arrangements made with the dealers 
call for prompt payments, which enable the factories to pay their 
patrons regularly, and this is considered an important factor in the 
success of the venture. It is stated that it is not an uncommon 
thing for the sales to average over $3,000 a day in periods of high pro- 
duction. The business of the federation for 1914 amounted to 
approximately $568,000. 


THE EASTERN SHORE OF VIRGINIA PRODUCE EXCHANGE, VIRGINIA. 


The Hastern Shore of Virginia Produce Exchange was organized in 
1900 for the purpose of marketing the products of the farmers living 
in the two counties that form the Virginia part of the peninsula 
between Chesapeake Bay and the Atlantic Ocean. This is a truck- 
farming district; the leadmg crops are Irish and sweet potatoes, 
strawberries, cabbages, and onions. The exchange markets the 
products of approximately 3,000 farmers, or about two-thirds of the 
total output of the territory in which it operates. The annual 


business includes the sale of 8,000 to 10,000 carloads of Irish potatoes, . 


2,500 to 3,000 carloads of sweet potatoes, and from 100 to 300 cars 
each of strawberries, onions, and cabbages. The total annual volume 
of business is from 5 to 6 million dollars. The exchange deals with 
over 1,300 wholesale buyers, distributed among about 500 cities in 
about 40 States and Provinces. 

The right to sell produce through the exchange can be secured by 
becoming a stockholder, by being a tenant of a stockholder, or by 
purchasing a “shipping privilege,’ which costs $1. The exchange 
has a central office, but there are a number of shipping points, as the 
territory is divided into 35 local divisions and each division has from 
one to four loading stations. Each local division elects a stock- 
holder as a director for the general board of directors. The board 
of directors has supervision over the exchange, but in the main the 
work of management is left to the general manager and the secretary- 
treasurer. Hach division elects a local agent to look after the work 
in that division. In addition, there are inspectors for each shipping 
point, but they are selected by the board of directors instead of by 
the local growers, in order to insure efficient and uniform inspection. 
The central office keeps in touch with the local agent to ascertain the 
probable amounts to be loaded at each shipping point day by day and 
later he is informed of the actual amount loaded. Thus the central 
office can see that the proper cars are provided and find markets for 
the products loaded. An effort is made to finish all the business each 
day. ‘The local inspectors pass on the products as they are loaded; 
if they are up to standard they are permitted to carry the exchange 
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trade-mark; if not, they are loaded in a car of unbranded products. 
The central office takes care of the selling and forwards the proceeds 
to the local agents, who in turn make out the checks for the growers, 
payment being made within 24 hours after delivery of the goods. 
Under this system the growers do not have to wait for their returns. 
The association is able to do business on this basis, as a large surplus 
and good credit provide funds to cover payments to growers for all 
products delivered but unsold. Its present surplus is about $150,000, 
and this, together with a paid-up capital of $42,000, gives the exchange 
an ample working capital. Hereafter part of the net earnings will 
be returned to the growers in accordance with the amount of business 
transacted with the association. 


The exchange makes an extensive use of the telegraph im selling 


products. Information with regard to the markets is secured daily 
from salesmen and representatives in the various market centers. 


In addition to the salesmen, brokers are also employed in effecting 


sales and in a large number of cities direct telegraphic communica- 
tion with wholesalers is mamtained. The fact that the exchange 
spends about $20,000 annually for telegraph service shows how 
important this form of communication is. The sales are for the 
most part made f. o. b. loading poimt; consequently the buyer 
assumes the risk of delay and normal deterioration in transit. Losses 
that are not mcluded in this risk, and losses resulting from 
occasional bills that are impossible to collect, are borne by the 
association. 

The expenses of the business are met by charging a 5 per cent 


commission on the produce sold by the exchange and a 8 per cent - 


commission on a small quantity of produce that is turned over to 
selling agents, which consists principally of odd lots and off-grade 
goods sold in near-by markets. The amount sold in this way never 
exceeds one-tenth of the total. 

This organization has brought about an intelligent distribution of 
the products of its members and has greatly expanded the territory 
serving as a market for the products of the region. The mspection 
service has resulted in standardization which msures good produce 
to the consumer and good prices to the producer. 


THE SHEBOYGAN COUNTY CHEESE PRODUCERS’ FEDERATION, WISCONSIN. 


The Sheboygan County Cheese Producers’ Federation was organized 
on account of dissatisfaction among the farmers with the prevailing 
methods of marketing. There was a widespread feeling that the 
prices on the Plymouth Cheese Board were fixed and that the farmers 
were not receiving as much as they should. A number of meetings 
of farmers were held and in the summer of 1913 cheese producers’ 
associations were organized at over 40 of the cheese factories, and 
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these united to form the Sheboygan County Cheese Producers’ 
Federation. 

In July, 1913, the federation appomted a manager and prepared to 
engage in active business. It was found, however, that all the 
available storage space had been previously engaged, making it im- 
possible for the federation to start immediate operations. Another 
farmers’ organization known as the Federated Farmers’ Warehouse 
Co. was then formed and a warehouse and cold-storage plant was 
erected and made ready for use in the spring of 1914. The Cheese 
Producers’ Federation then rented the warehouse from the Farmers’ 
Warehouse Co. and engaged in business early in 1914. 

The method of procedure adopted was to sell the cheese independ- 
ently of the local cheese board. At first the federation had difficult 
work because of the opposition from some dealers and cheese makers, 
and also because the new company was not known, but a trade was 
gradually worked up by sending out a large number of letters to 
cheese buyers. From April 1 to December 31, 1914, 6,125,480 pounds 
of cheese were handled by the federation. A charge of one-fourth 
of 1 cent a pound was made to defray expenses. The total sales 
amounted to $887,501.69. The figures for the year 1915 were not 
available at the time the federation reported, but a larger volume was 
handled than during the previous year. 

TaBLE 1V.—Summary of reports of 653 farmers’ marketing organizations, showing 


paid-up capital and members, fees, value of buildings and equipment, and value of 
assets un excess of liabilities. 
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1 Paid-up capital stock and membership fees not taken into account as liability. 
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Information with regard to financing and business practices was 
secured from some 700 typical farmers’ organizations from a special 
survey. Asummary of the reports is shown in Table IV. This table 
gives for each kind of organization the amount of paid-up capital 
and members’ fees, the value of buildings and equipment, and the 
amount of assets in excess of liabilities. Much material was secured 
also by means of personal visits to organizations throughout the 
country and by interviews with bankers and others during the years 
1914 and 1915. 

The financing of the business operations is one of the important 
features in a cooperative enterprise and a weakness in this feature 
is the cause of many failures. The methods of conducting the busi- 
ness, products handled, distance from markets, and various other 
elements require that the plan of financing be suited to local condi- 
tions. For this reason no ‘‘cut and dried”’ plan, unless well suited 
to local conditions, should be adopted by new organizations. 


TaBLe V.—Amounts borrowed and sources from which obtained, of 401 farmers and 
cooperative marketing associations, by classes. 


From commercial 


From banks. From individuals. 
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TaBLE V.—Amounts borrowed and sources from which obtained, of 401 farmers and co- 
operative marketing associations, by classes—Continued. 
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Average......-.|..-.-- LAN 885. Sealey tue 54097 |-3. ae eb -e 20; 000| seuaed! 3: 2: 15, 054 
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FARMERS’ GRAIN ELEVATORS. 


The capital of farmers’ grain elevators is in most cases only enough 
to provide the means of doing business, with very little in excess 
available as working capital. A considerable sum of money is re- 
quired during the rush marketing season, since the elevator usually 
pays cash for the grain as it is delivered by the farmer. Several days 
elapse before returns for grain shipped are received, and often grain 
accumulates in the elevator. The little working capital the elevator 
has does not go far in paying for all the grain delivered. It is neces- 
sary to secure financial assistance from outside sources such as 
banks, commission firms, and individuals. 

Using as a basis the average amount required from outside sources 
to transact the business of marketing the members’ grain as shown 
by the reports from 262 elevators (Table V), it is a conservative 
estimate to place the total of the amounts borrowed in 1914 by the 
farmers’ grain elevators at approximately $30,000,000, the greater 
part of which was for short periods. This amount, while large in 
itself, is small when compared with the total value of the products 
marketed. : 

Security for loans obtarned.—Out of 291 organizations reporting 
99 gave company notes as security for loans obtained, 82 gave no 
security other than agreements to ship certain amounts of grain 
to commission houses making the loans, 8 gave mortgages on the 
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elevator and equipment, 5 used company notes indorsed by indi- 
viduals, 12 used warehouse receipts of grain in storage, and 85 were 
required to give personal security of responsible individuals who 
were usually officers of the company or well-to-do members. 

These reports show that as organizations at least one-third of the 
elevators reporting have no credit that is acceptable to bankers 
other than that which is given by responsible individuals who 
assume a personal responsibility. No cooperative business organiza- 
tion should be so conducted that it is necessary for a few members 
to assume large personal risks to carry on the enterprise which is of 
benefit to all members. Members should assume a liability propor- 
tionate to the benefits received or the amount of business which 
they do through the organization. 

Inierest.—Two hundred and ninety-eight elevators report interest 
rates as follows: 


14 
10 


5 
8-10 


Number reporting ......-....----. 61 10 8 2 4 5 1 
Rate tpericent ee os. Ee ate 8 6-7 | 7-8 | 6-8 | 5-6 | 5-7 |53-7 


From these figures it is shown that over one-third of the elevators 
reporting pay 7 per cent for funds with which to carry on their 
business. Seventy-one secure funds for 6 per cent; and 14 are re- 
quired to pay 10 per cent, which high rate in most cases is due to 
the lack of approved collateral security, such as will be accepted by 
bankers generally. Several elevators have overdraft arrangements 
with the banks, paying from three-fourths of 1 per cent to 1 per 
cent per month on these overdrafts. If funds can be secured in any 
other way this practice should be discouraged. It is clearly brought 
out from these reports that rates of interests vary in the same ter- 
ritory, as, for example, Minnesota elevators are paying rates rang- 
ing from 6 to 10 per cent. Two companies within 10 miles of each 
other borrow from local banks, one paying 7 per cent and the other 
10 per cent. 

In the majority of cases where funds are obtained from commis- 
sion firms the rate charged the elevator is 6 per cent, while in some 
cases as much as 8 per cent is charged. In an investigation conducted 
by the Office of Markets and Rural Organization, in collaboration 
with the University of Minnesota, it was found that of 158 elevators 
in the State borrowing funds, 51 per cent are financed wholly or in 
part by commission men, the average rate of interest charged being 
6.74 per cent; 71.5 per cent are financed partially by local banks, 
the average rate being 7.39 per cent; and 13 per cent also borrowed 
from individuals, usually farmers, at the average rate of 6.25 per 
cent. 
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Length of loans.—Most of the loans made to elevators by banks and 
individuals are for short periods of from one to four months, or during 
the heavy marketing season. Forty-one elevators report securing 
loans payable on demand. Where funds are advanced by commis- 
sion firms the business is handled on open account and after the year’s 
business is closed final settlement is made. Thirty-five elevators 
secured loans for improvements on 12 months’ time. 

Some 14 elevators have an arrangement with the company’s bank 
whereby sums not in excess of a certain amount are advanced to the 
elevators to take care of the business, interest being charged only on 
funds as advanced. By using this plan, interest is not paid on a 
large balance. 

Advances to members on wurehouse receipts. —Of 326 elevators report- 
ing, 62 make advances to members on warehouse receipts. These 
advances range from small amounts to as high as 75 per cent of the 
market value of the grain. Two hundred and sixty-four report no 
advances. 

As a rule, it is considered inadvisable to make advances to mem- 
bers on od grain, as a practice of making these advances brings 
the elevator into a phase of the banking business which can better 
be done by the local banks. When borrowing frcm a bank, the 
patron of an elevator is required to pay interest on the borrowed 
funds although he may object to paying the elevator for a similar 
loan. He considers that since the elevator is in possession of his 
grain, it is not entitled to interest on money advanced, which he may 
assume as part payment on his property. As a matter of fact the 
advance is not a part payment, but purely a loan, since the title to 
the grain remains his, and he has been given a warehouse receipt. 
With all its advantages accruing to the profit of the holder, it is clear 
that loss of interest to the elevator on the money advanced becomes 
a charge against ail the members of the association to the direct ben- 
efit of the individual borrowing member, a principle which can not 
be considered cooperative in any sense. Aside from this, the com- 
‘plications in accounting brought about by this practice are unfortu- 
_nate. When patrons require loans from the elevator, such loans 
should be made an open account, or a personal note should be given. 
In both cases interest sul be charged in accordance with the be 
vailing rate. 

Sentiment and practice with regard to the storing of grain vary in 
the different States in accordance with the variety of the prevailing 
crops and the sentiment of the terminal market in which the sales 
are made. In the southwestern and eastern sections of the grain 
belt many elevator companies forbid storing, and the practice is dis- 
couraged generally. In the northwestern grain States stormg and 
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hedging prevail in about 95 per cent of the elevators. Primary ele- 
vator capacity is not sufficient to hold all grain offered for storage 
during the height of the season. This fact has made it necessary for 
elevators to sell stored grain and to secure protection by hedging in 
the terminal markets. In certain instances elevator managers have 
taken advantage of the presence of the stored grain in the elevator 
and have speculated in futures to the direct loss of their employers 
because of ineflicient methods of bookeeping. The adverse sentiment 
which prevails in some producing sections with regard to grain stor- 
age is partially due to such losses. 

An elevator which is financed by a commission firm is handicapped 
in some instances in that it is impossible to take advantage of other 
markets which may from time to time offer better prices than can be 
obtained in the one in which the commission firm is located. Ele- 
vators not dependent in any way upon the commission house can ship 
first to one market, then to another, and in this way promote compe- 
tition among the commission men in securing the best prices possible. 
It must be remembered, however, that the commission houses have 
served a useful purpose in the financing of the farmers’ elevators 
in that they sometimes gave financial aid when it was impossible to 
to secure it elsewhere. Elevators are turning more and more each 
year to local sources for their funds, which is a fortunate arrange- 
ment, and it has been demonstrated that the elevator which is able 
to finance its operations without securing any outside help is in a 
position to obtain the best results. As soon as possible an elevator, 
by the accumulation of a surplus, should place its business in such 
shape that but little outside financial assistance is necessary. Where 
outside assistance is needed, it is preferable to obtain it from the 
local bank, using as security the company’s surplus, and the general 
moral rating secured by conducting the business on a conservative 
and efficient basis. 


FARMERS’ CREAMERIES AND CHEESE FACTORIES. 


The average farmers’ creamery and cheese factory has little diffi- 
culty in financing its manufacturmg and marketing operations, 
because of the plan of withholding payment to the producer until 
returns are received from products shipped. Manufacturing costs 
are small, and can be met from the returns received from sales. 
Where funds from outside sources are needed, the plant and equip- 
ment in most cases are amply sufficient to cover any loans secured 
and serve as a basis of credit. 

As fast as milk or cream is received it is manufactured into butter 
or cheese, a large part of which is shipped immediately, very little 
being held in storage. Payment to the members is made for periods 
varying from two weeks to a month, on the basis of the average price 
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which the manufactured product brings, less the manufacturing, 
selling, and miscellaneous costs. For example, when two payments 
a month are made, the farmer will receive a check on the first of the 
month for his deliveries covering the period from the 1st to the 15th 
of the previous month, while on the 15th, payment will be made for 
‘deliveries from the 16th to the 30th of the previous month. In this 
way from two to four weeks elapse between the last delivery of the 
period and the time the settlement is made. This plan is followed 
by most of the country creameries and cheese factories in the United 
States, and there seems to be no objection on the part of the farmer 
to waiting from 15 to 30 days for his ‘‘cream check’. 

This system of making payments has met with such success among 
the cooperative plants that some privately owned factories have 
adopted the same plan. In some communities, however, cooperative 
creameries have been compelled to pay cash in order to compete 
successfully with privately owned plants that pay cash. In such 
cases it becomes necessary for the cooperative organization to secure 
funds frem outside sources, or to create a surplus with which to cover 
the amount of the patron’s products yet unsold for which the patron 
has been paid. 

The amounts borrowed as shown by Table V, were required for 
meeting the general running expenses of the business, purchase of 
supplies, in some cases for the addition of new machinery and repairs, 
and in other instances for advances to members. 

Of 35 creameries reporting on the security given for loans, 14 used 
company notes, and it was necessary for 14 others to have the per- 
sonal indorsement of the directors; 2 obtained funds without any 
collateral security; 3 gave mortgages on the plant and equipment, 
and 2, which had cheese in storage, obtained funds on warehouse 
receipts. This report does not take into account sums borrowed for 
the construction of the factory and initial equipment. At the outset, 
where loans for these purposes are secured, members have paid in 
capital stock or membership fees sufficient to furnish a basis of credit 
for the amounts required, which usually are obtained from banks. 
In some instances machinery companies extend credit for the equip- 
ment. 

Interest.—Thirty-two creameries report interest rates as follows: 


13 2 


10 


8 
7 


Number reporting.-..-..-: 8 1 
Rate, per cent .-...-.----- 7-8 8 


The rates charged vary in different localities and depend upon the 
season, length of loan, and credit rating of the organization. 
. Length of loan.—Seven organizations use borrowed money during 
three months, and six require it from two to three months for advances 
to members in the summer, when deliveries of milk are heavy. 
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Seventeen report using borrowed funds from 3 to 10 months, while 
three are working throughout the year on borrowed capital. 

Conclusion.—One great difficulty with the average cooperative 
creamery is that no provision is made for replacement of plant and 
machinery, and such repairs, replacements, and improvements as 
are made are charged against the deliveries of the members until 
p2id, in as large amounts as the business will stand. This is also 
true in purchasing creamery supplies, such as tubs and salt. The 
returns of a few months’ shipments, amounting to several hundred 
dollars, will pay for supplies which are used for a period of a year or 
more. The supplies which are used throughout the year should be 
prorated in such a manner that each member contributes to the cost 
of these supplies in proportion to his year’s business with the organi- 
zation. 

Provision should be made by which a small amount is withheld 
from the returns, to be placed in a fund from which supplies, repairs, 
and improvements can be paid. This fund should also be charged 
with reserves for depreciation on plant and machinery. By using 
this method funds are available which make it possible to take advan- 
tage of cash discounts in buying supplies, and the cost of repairs 
and improvements can be adjusted equitably. In the setting up of 
a reserve for depreciation on the plant and equipment, replacements 
can be made without special assessments, and money is available » 
to make such replacements when necessary. 

It is surprising to find that but a small number of the farmers’ 
creameries and cheese factories keep accurate accounting records, as 
heretofore attention has been centered in the manufacturing end of 
the enterprise. There is great need for an improvement in the 
accounting and general business management of these organizations. 
To show the true state of the business, expert audits are needed. ‘The 
present unsatisfactory condition is recognized by bankers, and has 
affected the financial standing of the average farmers’ creamery or 
cheese factory. 

FRUIT AND PRODUCE ASSOCIATIONS. 


Fruit and produce marketing organizations which pool the mem- 
bers’ products generally require considerable sums of money in order 
to meet early marketing expenses and make advances to the growers, 
since in most cases several weeks elapse between the delivery of the 
members’ product and the returns from the market. It is necessary 
for the growers to have funds with which to meet picking and pack- 
ing expenses. Owing to the fact that independent buyers are willing 
to pay for the fruit upon delivery, the cooperative organizations at 
the outset have made as liberal advances to the members as possible. 
Various plans have been devised by which the association can secure 
funds from outside sources, since in many cases it is impracticable 
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to accumulate a surplus large enough to meet the early advances, 
and as the money is required only for a short time, if accumulated it 
would be idle a large part of the year. 

Heretofore perishable products have not been considered as good 
collateral by bankers in making loans to business enterprises, but per- 
ishable products marketed through an efficient organization are now 
considered good security by many bankers in making loans to such 
cooperative marketing associations. The amount of money required 
in handling perishable products will vary according to the size of the 
' business and the methods of conducting it. Some organizations 
which conduct merely a consignment business and do not make 
advances to the growers need but a small amount with which to 
meet general running expenses. In many cases this is provided hy 
money received from the issuance of capital stock, membership fees, 
or the accumulation of a surplus a sufficient part of which is in such 
shape that it can easily be converted into cash. Many organizations 
have developed a large f. 0. b. business, making drafts against ship- ~ 
ments, making arrangements with the bank to honor them, and 
placing them to the credit of the association. This provides funds 
for immediate use and materially decreases the amount of outside 
help needed in financing. In cases where pools are made, advances 
to the members are often necessary as the pool may not be entirely 
closed until months after the first receipts come in. If it is possible 
to secure sufficient funds to make the early advances, the returns 
from shipments as received will take care of other amounts advanced 
to the growers. In some of the successful produce associations lo- 
cated in the Atlantic States, the organization buys the members’ 
product outright, paying for it at the time of delivery. Under this 
plan of operation large sums are necessary. 

Security for loans obtained.—Of the organizations reporting on the 
amounts borrowed as shown by Table V, 38 gave association notes 
as security. Forty-six gave personal security, that is, company 
notes indorsed by the directors or individual members who were con- 
sidered financially responsible. Three reported having given no 
security, as bankers advanced funds on overdraft as required. Two 
found it necessary to give mortgages on the packing plants. One 
association has obtained about $300,000 from bankers on ware- 
house receipts covering nuts in storage. One secured a large loan 
from bankers on warehouse receipts for apples which were in storage. 

These figures show that over half the organizations are able to 
borrow the funds necessary to make advances to members and to 
meet the expenses of the early marketing season, without security 
other than that which the organization can give, but a surprisingly 
large number, or 26 out of 72 organizations, are so organized that it 
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requires the personal security of directors or members to finance the 
operations. 

Interest—Seoventy-six organizations report rates of interest as 
follows: 


Number reporting........- 
Rate, per cent .. 2-2-2222 2. 


The rates of interest vary from 6 to 12 per cent. The two associa- 
tions paying 12 per cent are badly in need of reorganization, and have 
had considerable difficulty in obtaining funds. The money which is 
procured is used for short periods and commands a high rate of inter- 
est. The associations on the Atlantic coast and in the Middle West 
as a rule secure funds at the rate of 6 per cent. Some of the larger 
organizations on the Pacific coast, owing to the large amounts which 
are borrowed, and their excellent business standing, are able to 
. secure loans at from 6 to 7 per cent, while the rate which is charged 
individual producers by the banks is considerably higher. One of 
the large distributing agencies in the Pacific Northwest borrowed in 
the neighborhood of $400,000 in one season, most of which was 
advanced to members for deliveries of fruit. The five organizations 
which report a 10 per cent rate borrowed small amounts at the time 
of the year when money in farming communities commands a 
premium. However, these organizations have an insufficient amount — 
of capital, and from a business point of view are paying more for the 
money than would be necessary if the organization were better 
financed and a surplus set aside to help carry the expenses of the 
early marketing season. 

Length of loans.—Of 74 associations reporting on the period for 
which funds from outside sources were needed, 21 report that they 
require outside assistance only during three months, or during the 
early part of the marketing season; 7 require funds for 6 months; 
the others vary from 1 to 12 months, but the larger part of them 
borrow ior a short period, or from 1 to 4 months. 

It is possible only during years of good marketing conditions to 
make advances amounting to a high percentage of the total amount 
due the grower. In years when markets are bad it is necessary to 
be very conservative in making advances, as there is a possibility of 
overpaying. ‘The fruit held in storage may not produce the returns 
which were anticipated in the early season. In 1913 it was possible 
for the large distributor in the Pacific Northwest to secure advances 
on apples. Some banks solicited this business and offered to loan as 
high as $1 a box at 6 per cent interest on all fruit in storage. During 
1914, however, when the crop was large and markets were more or 
less demoralized, it was almost impossible to secure advances from 


COOPERATIVE PURCHASING AND MARKETING ORGANIZATIONS. 59 


banks or cold storage companies. One large packing firm offered 
to make advances of 124 cents per box at 8 per cent interest. Upon 
the improvement of conditions later in the season it was possible for 
the large distributors to negotiate a heavy loan on the basis of 35 
cents a box. This was for only “fancy” and ‘extra fancy”’ grades, 
however, which were the best storage stock. In spite of this situa- 
tion the stronger growers’ organizations in the Pacific Northwest 
were advancing to the growers as much as 40 cents per box on all 
varieties, grades, and sizes, which was an exceptionally liberal 
advance, and showed that the organizations were in an excellent 
condition even in a period when marketing conditions were unusually 


bad. 


TasBLeE VI.—Annual business of several of the larger cooperative fruit and produce 
associations in the United States. 


Name of association. Product handled. Year. ‘Sales. 

California Fruit Growers’ Ex- | Citrus fruits....................- Yearending Aug.31,} $19, 737, 850.00 
change. 1915. 

California Fruit Growers’ Ex- | Members’ supplies......-..-..-- Arig 30, MOUS. < oe = 3,319, 062. 04 
change Supply Co. 

Eastern Shore of Virginia Pro- | Produce, potatoes principally...) 1914.........-....--. 5, 752, 690. 36 
duce Exchange. 

Monmouth County Farmers’ |....- OE en se ee eee IMA elie daceeicen Socbe 1, 323, 443. 02 
Exchange. : 

North Pacific Fruit Distributors} Deciduous fruits.....-...-.-..-- 1) Be Sdnnne teccoasee 3,372, 196.30 

Georgia Fruit Exchange....-..-- IBCACHESS. ee ane aca eels aoe ON ey ois Soo taScsacas 2, 250, 000. 60 

Florida Citrus Exchange... .-- CUP MS UES oe ee ea ae IGIB). ss2sosotescec-os 3, 500, 000. 00 

Puyallup and Sumner Fruit | Fresh fruits; operates 2 can- | 1914...........-...-- 1, 300, 000. 00 
Growers’ Association. neries. 

American Cranberry Exchange.| Cranberries.............-.-.---- NOUSEe eee nae neers 1, 500, 000. 00 


AGENCIES WHICH ASSIST COOPERATION. 


Several agencies take an active interest in cooperative organiza- 
tion and render assistance in forming new associations and in giving 
aid to organizations already formed. Among such agencies may be 
mentioned the United States Department of Agriculture, the State 
agricultural colleges and experiment stations, State departments of 
agriculture, State marketing bureaus, and various organizations, 
companies, and individuals. 


THE UNITED STATES DEPARTMENT CF AGRICULTURE. 


Office of Markets and Rural Organization.—The Office of Markets 
and Rural Organization has been devoting considerable attention to 
cooperative purchasing and marketing; assistance has been rendered 
to organizations already formed and to localities contemplating an 
organization. In a number of instances personal visits have been 
paid to organizations and localities and, after the local conditions 
have been studied, recommendations have been made as to desira- 
bility of organization, method of operation, and similar subjects. In 
other instances similar assistance has been given by means of corre- 
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spondence. General information is available for those who are inter- 
ested in the advisability of organization, the proper form, and the 
method of organizing and operating under various conditions. Sug- 
gested forms of by-laws have been furnished to a large number of 
organizations. 

The accounting systems of existg cooperative associations have 
been studied and uniform systems of accounts have been perfected 
for elevators, fruit and produce associations, lve-stock shipping 
associations, creameries, stores, and other types. Assistance in 
installing these systems has been given im a number of cases and 
educational work is carried on relating to better systems of accounts 
and more businesslike methods in the operation of cooperative enter- 
prises. The matter of financing these associations has been studied 
and methods have been worked out for various organizations. 

In addition to the general survey of cooperative marketing in the 
United States made by this office, more detailed surveys have been 
made of certain classes of organizations. Several bulletins dealing 
with cooperation and cooperative marketing associations have been 
| issued, and these have served as a means of furnishing a large num- 
ber of people with information relating to the subject. 

The Dairy Dwision, Bureau of Anomal Industry—The Dairy Divi- 
sion is interested principally in the production and manufacture of 
dairy products, and therefore keeps in touch with a large number of 
farmers’ creameries and cheese factories. While most of the aid 
given to these plants is along manufacturing lines, considerable assist- 
ance is given also in the matter of creamery organization and man- 
agement. . 

States Relations Service—The States Relations Service indirectly 
through the county agents in the different States renders assistance . 
to farmers’ organizations and farmers desiring to organize. In many 
States the organization work of the agricultural colleges and experi- 
ment stations is carried on largely through the county agents. 


WORK OF THE STATE AGRICULTURAL COLLEGES, STATE DEPARTMENTS OF AGRI- 
CULTURE, AND DEPARTMENTS OF MARKETS ALONG COOPERATIVE LINES. 


Among the agencies engaged in furthermg cooperation among 
farmers should be mentioned the State agricultural colleges, depart- 
ments of agriculture, and departments of markets. Some of these 
institutions have taken an active part in organizing and assisting 
farmers’ cooperative associations, others have furthered cooperation 
in an educational way, and a few have not up to the present time _ 
conducted any work of this kind. Thescope of the work along coop- _ 
erative lines at some of these institutions is now being widened. A | 
number of agricultural colleges and State departments have recently _ 
undertaken work in marketing in cooperation with the Office of Mar- 
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kets and Rural Organization, United States Department of Agricul- 
ture, and some of these are giving special attention to cooperative 
organization problems. Information was secured from nearly all of 
the agricultural colleges and a number of State departments with 
regard to their activities along cooperative organization lines, but on 
account of the rapid expansion which is now taking place in this field 
of endeavor, it has not been deemed practicable to include a complete 
statement of the work that each one of these agencies is performing. 


COOPERATIVE LAWS. 


In the main the laws regulating the formation of cooperative asso- 
ciations in the various States are of two types. Some State laws are 
very general while others outline in detail the methods of forming an 
organization and managing its business. The general laws leave the 
details to be worked out by each individual organization, and sup- 
porters of this type of cooperative law believe that it is preferable 
because it allows an organization more latitude and gives greater as- 
surance of securing the form of organization that is best suited to 
the needs of the community. Some argue that detailed laws attempt 
to force an idealistic form of cooperation on persons who are begin- 
ners in this field of activity, but supporters of the detailed laws main- 
tain that the surest method of bringing about true cooperation is by 
outlining in full a method of organization that embodies the true 
principles of cooperation. There is no doubt that a detailed law in- 
sures greater uniformity of organization than it is possible to secure 
under a general law. 

The differences between cooperative and noncooperative forms of 
organizations and the advantages and disadvantages of each type are 
questions which need careful study, for which few individuals have 
either the time or the facilities. If detailed cooperative laws had 
been in existence in all the States at the time when the farmers’ or- 
ganization movement started, it is unquestionably true that the pro- 
portion of truly cooperative organizations would now be very much 
larger than it is in those States where such laws are not in operation. 
Detailed laws serve to educate people along cooperative lines, and 
for that reason it is not necessary to wait until the beginner’s stage 
has been passed before such laws are enacted. 

Cooperative laws usually state the minimum number of persons 
that may organize and give the kind of business in which they may 
engage. The method of incorporation sometimes is outlined, although 
this is not always done, as in some States the associations are referred 
to the general corporation laws for this information. The laws often 
include restrictions regarding the board of directors and the officers. 
General laws usually leave questions concerning the capital stock for 
each association to decide, while detailed laws usually prescribe the 
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minimum and maximum amounts of capital stock, share values, the 
limit on individual ownership of shares, the issuance of shares, and 
the transfer of stock. Most of the laws recognize the importance of 
regulating the voting power, and the majority state that each mem- 
ber is to have one vote regardless of the amount of stock owned. 
Regulations concerning proxy voting and woting by mail are some- 
times included. 

The method of distributing earnings, if any, is, or should be, an 
important feature of cooperative laws. Some States leave this to 
each association to decide, while other States provide in detail the 
method to be followed. Laws of the latter kind usually limit the 
dividends on stock to a fair rate of interest, provide for a reserve fund 
and sometimes an educational fund as weil, and for the division of the 
remainder of the earnings in the form of a patronage dividend. Some 
laws specify that patronage dividends are to be paid only to members, 
others include all patrons or leave it to be decided by the association 
whether or not patrons who are not members shall receive patronage 
dividends. Several States provide that patronage dividends to non- 
members shall be at a lower rate than to members... In a few instances 
the laws provide in detail the method of apportioning the earnings, 
but make it possible for the associations formed thereunder to revise 
this, if desired. Because of the fact that many people fail to recog- 
nize the desirability of a truly cooperative method of distributing the 
earnings of an association, it seems advisable that cooperative laws 
should make such a method obligatory. In this manner noncooper- 
ative organizations can be prevented from masquerading as cooper- 
ative, for, while some of the laws forbid organizations not formed 
under the cooperative law to use the word “‘cooperative” as part of 
their corporate name, if the method of distributing earnings is left 
to the association it may comply with the law and still be far from 
cooperative. 

The points to be covered in the by-laws of cooperative organiza- 
tions are sometimes outlined fully in the cooperative laws. In some 
cases provisions are made for the investment of the reserve fund and 
for the purchase of the business of other associations. Provisions are 
fr equently made whereby existing organizations are permitted to 
reorganize under the coopérative law by complying with the require- 
ments of the law. Other regulations often included are for dissolu- 
tion of an organization, the requiring of annual reports, and the 
limiting of the use of the word “cooperative.” 


COOPERATIVE LAW SUMMATIONS. 


The condensed summary of the State laws relating to the formation 
of cooperative organizations (pp. 66, 67) shows the main points of the 
State cooperative laws concerning which information has been 
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secured in this survey. Thirty States are represented in this digest, 
but there are 33 laws, as Colorado, Michigan, and Washington each 
have two separate acts, one providing for nonstock organizations and 
the other providing for organizations with capital stock. This table 
includes only a general outline of the State cooperative laws and it 
must not be considered as giving complete information with regard 
to these laws. Persons desiring to organize a cooperative association 
should study the statutes of the State in which the organization is to 
be formed, and if necessary legal advice should be secured in order 
that the organization may meet all the requirements of the law. 


SCOPE AND PURPOSE. 


Most of the laws provide in detail for the lines of business in which 
such organizations may engage, but a few of the laws make no restric- 
tions in this matter, it being permissible to engage in any lawful 
business. Where the scope and purpose are fully outlined, the field 
covered is usually sufficiently broad to make possible ie ae for 
any lawful purpose. 


MINIMUM NUMBER OF MEMBERS THAT MAY ORGANIZE. 


All but three of the laws give the minimum number that may 
organize. Two of the States that do not mention this point provide 
for the minimum indirectly by specifying the number of directors and 
officers each association must have. Four of the laws provide that 
not less than 3 persons are necessary in order to organize; 5 is the 
most common minimum, for this is the requirement-of 18 laws; four 
laws require not less than 7 members; one places the minimum at 10; 
one places it at 20; two require at least 25 members, and the other 
three make no mention of this point. 


FILING OF ARTICLES OF INCORPORATION. 


As will be noted from the summary, the methods of filing the arti- 
cles of incorporation vary considerably in the different States. 
Twenty-two of the laws provide for filing the articles of incorporation 
with the secretary of state, and i4 of this number provide for the 
filing with some other official as well, usually the clerk of the county 
in which the principal place of business is located, the recorder of 
deeds, clerk of court, or county auditor. A few of the laws provide 
for filmg with some local township or county officer only, as for 
instance the town clerk or the register of deeds. Four of the laws 
do not stipulate the method of filing, and three laws state that 
cooperative organizations shall be governed by the regulations pro- 
vided for general corporations in this matter. Some of the laws 
have provisions in regard to the fees to be charged for filing, while - 
im other States cooperative organizations pay the fee required of 
general corporations. 
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Twenty-two of the laws have clauses with regard to the manage- 
ment of the associations. Thirteen laws provide for a board of direc- 
tors of not less than five members, and 11 of this number also specity 
what officers the associations shall have; four laws provide for a 
board of not less than three directors, and two of these also provide 
for the officers. One law states that the board of directors shal! 
consist of not less than five or more than nine members; one law 
provides for a board of managers made up of the president, secretary- 
treasurer, and three directors, and in three of the laws the questicn 
of management is left to the association to be stipulated in its by-laws. 
‘The officers usually specified are president, one or more vice presi- 
dents, secretary and treasurer, or a combined office, secretary- 
treasurer. 

CAPITAL STOCK. 


The regulations relating to capital stock usually included in 
cooperative laws are the maximum and minimum amount of capital 
stock, the value of a share of stock, when stock may be issued, limits 
on individual ownership of stock, and restrictions on the transfer of 
stock. Seven of the cooperative laws provide for the organization 
of associations without capital stock. Eleven laws make some pro- 
vision with regard to share value or with regard to the amount of 
stock that may be issued. ‘Ten laws provide that shares are not to 
to be issued to stockholders until they are paid for im full. The 
amount of capital stock which one person may own is limited to 
$1,000 in 10 of the laws; im addition one of these laws specifies that 
one person must not own more than one-third of the stock out- 
standing, and another gives an association the power to change the 

limit if it desires to do so. Three of the laws state that the limit on 
individual stock ownership shall be as prescribed in the by-laws of 
the association. Four laws provide that a person must not own 
more than 20 per cent of the stock and one law limits this to 10 per 


cent. One law places the limit at one share, one at five shares, one 
at $400, and one at $5,000. Four laws do not touch on this matter 
at all and seven relate to nonstock organizations. 
Eleven laws have provisions relating to the transfer of shares of 
| stock, six of this number making it necessary to have the permission 
of the board of directors of the association before transferring the 
stock; four laws leave this matter for each association to include in 
! its by-laws, and one law makes it possible for an association to have 
| a clause in the by-laws providing that the association shall have the 
first opportunity to purchase any stock that may be for sale. 
It is frequently desirable for two associations to consolidate or for 
oné association to hold stock in another and 14 of the laws have made 
| some provision for this. Some of the laws limit the amount that 
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may be so invested, and some also provide for the authority to invest. 
The most common form is to limit the amount that may be thus 
invested to 25 per cent of its capital, and also to provide that it must 
be decided by a majority or a two-thirds vote of the members. 


VOTING POWER. 


One of the underlying principles of cooperation is that the members 
of an organization shall have equal voting power in the meetings. 
Twenty-three of the cooperative laws provide that each member 
shall have one vote, regardless of the amount of stock he holds. Two 
laws specify that each association shall set forth in its articles of 
incorporation or by-laws the rules to be followed in this matter. 

Seventeen laws touch on the question of proxy voting, and voting 
by mail; seven provide for voting by mail if the votes so cast are 
accompanied by a written copy of the question voted on; five leave 
the questions of proxy voting and voting by mail for each association 
to stipulate in its by-laws; two permit both voting by mail and by 
proxy; one provides for voting by mail but forbids proxy voting; 
one forbids proxy voting but states that an association may provide 
in its by-laws for voting by mail; and one forbids proxy voting and 
does not mention voting by mail. 


DISTRIBUTION OF PROFITS. 


It is in the matter of distributing profits that so many organiza- 
tions fali short of being cooperative. The cooperative laws vary 
considerably in their provisions with regard to this important point. 
Some laws merely state that the profits shall be distributed to those 
entitled to them, as provided in the by-laws, while other laws go into 
detail as to the manner of dividing the profits. The matter of dis- 
tributmeg the profits is considered under four heads—the payment of 
interest on capital stock, the setting aside of a reserve fund, the pro- 
visions for an educational fund, and the distribution of profits in the 
form of patronage dividends. 

Hleven laws leave the question of stock dividend or interest on 
money invested in shares of stock, to be decided by each association, 
and inserted in the by-laws; four laws do not mention this. at all; 
six laws provide that the stock dividend shall not exceed 6 per cent, 
but four of the six grant the associations the privilege of changing 
this if they so desire; two laws give 8 per cent as the maximum 
rate; two laws place the maximum at 10 per cent, subject to revision 
by the associations; one places the maximum at 5 per cent, and one 
at 5 or 6 per cent. 

Nine laws provide that the setting aside of a reserve fund shall be 
done in the manner stipulated by the by-laws; ten do not mention 
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the matter of a reserve fund; nine provide that not less than 10 per 
cent of the net earnings shall be set aside until a fund equal to 30 
per cent of the paid-up capital has been accumulated, though six of 
the nine provide that the associations may revise this; one law pro- 
vides for the setting aside of not less than 5 nor more than 25 per cent 
of the net earnings, and another from 10 to 25 per cent; another law 
stipulates that not less than 5 per cent shall be set aside until 30 
per cent of the paid-up capital has been accumulated; one provides 
for the settmg aside of 10 per cent until 20 per cent of the paid-up 
capital has been accumulated, and another for not less than 10 per 
cent until 50 per cent has been accumulated. 

. Eleven laws provide that the educational fund shall be as specified 
in the by-laws; 13 fail to make any mention of an educational fund; 
six provide that 5 per cent of the net profits shall be set aside for such 
a purpose, but four of the six grant the association the privilege of 
changing this; one law provides for an educational fund of not to 
exceed 5 per cent of the net profits; one provides for 2 per cent sub- 
ject to revision by the associations; and one provides for the use of 
24 per cent of the net profits for this purpose. 

A question that arises in connection with the payment of patronage 
dividends is whether or not nonmembers shall have any share in the 
profits of an organization. Twelve cooperative laws state that non- 
members shall or may receive patronage dividends, and several of 
these specify that the rate to nonmembers shall be one-half the rate 
paid to members. Several of the laws do not touch on this poimt at 
all, and a number merely state that the by-laws shall decide in regard 
to the paying of patronage dividends. 


DISSOLUTION. 


Sixteen laws have provisions regarding the dissolution of organiza- 
tions formed thereunder. Hight laws permit dissolution upon 
written request of two-thirds of the members; five provide that if 
an association has not paid any stock dividends for five consecutive 
years, five or more members may petition the court to have the 
organization dissolved; the law of one State provides that five mem- 
bers may petition for dissolution of an organization which has failed 
to pay stock dividends for three consecutive years; one law provides 
for dissolution by a majority vote; and one states that the procedure 
shall be the same as for corporations under the general corporation 
law. 

ANNUAL REPORTS. 

Sixteen laws specify that all associations formed thereunder 
shall make certain reports. Ten of these provide for an annual 
report to the secretary of state; two of the 10 also provide for reports 
to other departments, one to the State division of markets and 
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another to the agricultural college of the State; two laws require that 
creameries report to the dairy and food commissioner of the State; 
one law requires reports to be sent to the commissioner of agricul- 
ture; one specified that reports shall be filed with the county clerk 
and also with the State Bureau of Statistics of Labor and Commerce; 
two laws have provisions in regard to filing or posting of reports at 
the principal office of the organization. 


PROVISIONS FOR EXISTING ORGANIZATIONS. 


In 16 of the States the cooperative laws outline the method of 
procedure for existing organizations that wish to come under the 
cooperative law. The common method is by complying with the 
provisions of the law and filmg with the secretary of state a sworn 
statement of the fact that the organization by a majority vote has 
expressed such a desire. 


USE OF WORD “COOPERATIVE”. 


Eleven of the laws impose certain restrictions on the use of the 
word “ cooperative’? in the name of a concern in order to prevent 
its misuse. The usual requirement is that the word ‘“ cooperative”’ 
must not be used in the name of any organization formed after the 
passage of the cooperative law which does not comply with the 
requirements of that law. 


DIGEST OF STATE COOPERATIVE LAWS. 


ALABAMA. 


Scope and purpose: Mutual aid, benefit, industrial. 

Number who may organize: Five or more. 

Filing of articles of incorporation: With judge of probate in county in which prin- 
cipal place of business is located. 

Filing fee: Same as for other corporations. Judge of probate shall receive 15 cents 
per 100 words, and $2.50 for examining articles. 

Management: Not less than five directors. 

Capital stock: Not less than $5,000. 


CALIFORNIA. 


Scope and purpose: Any lawful business. 

Number who may organize: Five or more. 

Filing of articles of incorporation: Clerk of county in which the principal place of 
business is located, a copy with the secretary of state. 

Filing of amendments: With clerk of county. 

Capital stock: Nonstock. 

Transfer of memberships: May be transferred by board of directors. 

Voting: Each member one vote. 

Voting by mail or by proxy: May be provided for in by-laws. 

Distribution of earnings: According to by-laws. 

Dissolution: Upon written request of two-thirds of the members. 
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COLORADO (NONSTOCK). 


Scope and purpose: Production, preserving, drying, canning, shipping, or market- 
ing of agricultural, viticultural, horticultural, dairy, or apiarian products. 

Number who may organize: Three or more. 

Filing of articles of incorporation: With secretary of state and recorder of deeds in 
county in which the principal place of business is located. 

Filing fee: $15 to secretary of state. 

Filing of amendments: With secretary of state and with clerk of county. 

Capital stock: Nonstock. 

Transfer of memberships: May be transferred with the consent of the board of 
directors. 

Voting: Each member one vote. 

Voting by mail and by proxy: No proxy voting. By-laws may provide ior vote 
by mail. 

Dissolution: Upon written request of two-thirds of the members. 


COLORADO (CAPITAL STOCK). 


Scope and purpose: Any lawful business. 
Number who may organize: 10 or more. 
Filing of articles of incorporation: With secretary of state. 
Filing fee: Same as for general corporations. 

~ Stock ownership: May be limited by by-laws. 
Distribution of earnings: According to by-laws. 


CONNECTICUT. 


Scope and purpose: Purpose of trade, or any lawful mercantile, mechanical, manu- 
facturing, or agricultural business. 

Number who may organize: Seven or more. 

Filing of articles of incorporation: With town clerk in town in which business is 
conducted. 

Management: President, treasurer, and board of not less than five directors. 

Capital stock: Not to exceed $50,000. 

Issuance of stock: When paid for in full. 

Stock ownership: Limited to $1,000. 

Purchasing of business of other associations: Two or more associations formed under 
this act may consolidate. 

Voting: Each member one vote. 

Distribution of earnings: According to by-laws, provided that 10 per cent of net 
profits will be appropriated for contingent fund until this fund equals 20 per cent of 
capital stock. 

Dissolution: Upon written request of two-thirds of the members. 

Annual reports: To be made to the secretary of state. 


FLORIDA. 


Scope and purpose: Production, preserving, drying, packing, shipping, or mar- 
keting of horticultural and agricultural products. 

Number who may organize: Three or more. 

Filing of articles of incorporation: Same as for other corporations. 

Management: Not less than three directors. 

Capital stock: Nonstock. 

Transfer of memberships: By permission of the board of directors. 

Voting: As provided in the articles of incorporation. 

Proxy voting: May be provided in by-laws. 

Dissolution: Upon written request of two-thirds of votes. 
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ILLINOIS. 


Scope and purpose: General mercantile, manufacturing, or producing business, 

Number who may organize: Five or more. 

Filing of articles of incorporation: With secretary of state. 

Filing of amendment: With secretary of state and recorder of deeds in county in 
which principal place of business is located. 

Management: Not less than five directors. Officers shall be president, vice presi- 
dert, secretary, and treasurer. The last two may be combined. 
- Capital stock: Shares not less than $5 or more than $100 in value. 

_ Stock ownership: Limited to five shares. 

Transfer of stock: By-laws may provide that corporations shall have first right to 
purchase any stock for sale. 

_Purchasing business of other associations: By a two-thirds vote of at least two- 
thirds of the members, the corporation may invest its surplus to the extent of 25 per 
cent of its paid-up capital in the capital stock of other cooperative associations; the 
board of directors may invest not to exceed 10 per cent of the paid-up capital in the 
same manner. 

Voting by mail and proxy: Vote by mail to count if voter has been notified in writing 
and copy of question is attached to vote. Written proxies are permitted. 

Distribution of earnings: According to by-laws. 

Annual reports: Made to secretary of state before March 1. 

Provisions for existing organizations: May come under this act by filing sworn 
statement that members have so decided by at least two-thirds majority. 

Use of word ‘‘cooperative”: No corporation formed after passage of act permitted 
to use the name ‘‘cooperative” unless complying with this act. 


INDIANA. 


Scope and purpose: Any lawful business. 

Number who may organize: Twenty-five or more. 

Filing of articles of incorporation: With secretary of state. 

Filing fee: Same as for other corporations. 

Stock ownership: May be limited by by-laws. 

Transfer of stock: May be regulated by by-laws. 

Distribution of earnings: According to by-laws. 

Provisions for existing organizations: May come under act by filing declaration with 


secretary of state. 
IOWA. 


Scope and purpose: Agricultural, dairy, mercantile, manufacturing, or mechanical 
business. 

Number who may organize: Five or more. 

Filing of articles of incorporation and amendments: With secretary of state and the 
recorder of deeds of the county in which the principal place of business is located. 

Filing fee: Ten dollars to secretary of state for filing articles, and $5 for amend- 
ments, provided that if capital stock is less than $500 the fee shall be $1. Recorder 
of deeds to receive the usual recording fee. 

Management: Not less than five directors. Officers shall be president, one or 
more vice presidents, secretary, and treasurer. The last two may be combined. 

Issuance of stock: When paid for in full. 

Stock ownership: Not to exceed $1,000. 

Purchasing of business of other associations: By a majority vote may invest not to 
exceed 25 per cent of its capital. 

Voting: Kach member one voie. 
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Voting by mail: Vote by mail to count if member has been notified in writing and 
copy of question is attached to vote. 

Distribution of earnings: Subject to revision by associations, not to exceed 10 per 
cent dividend on stock, not less than 10 per cent of net profits until 50 per cent of paid- 
up capital is accumulated for a reserve fund, 5 per cent of net profits for an qducaniqnal 
fund, patronage dividends to members and employes. 

Dissolution: If no dividends are paid for five consecutive years, five members may 
petition district court. 

Annual reports: To secretary of state before March 1. 

Provisions for existing organizations: Filing sworn statement with secretary of state 
that this has been decided by a majority vote. 

Use of word ‘‘cooperative:” No corporation formed after passage of this act shall 
use the name ‘‘cooperative” unless this act is complied with. 


KANSAS. 


Scope and purpose: Any agricultural, mercantile, dairy, mining, manufacturing, 
or mechanical business. 

Number who may organize: 20 or more. 

Filing of articles of incorporation: With secretary of state. 

Management: Not less than five directors. Officers shall be president, one or more 
vice presidents, secretary, and treasurer. The last two may be combined. 

Stock ownership: Not over 10 per cent of capital stock. 

Voting: Each member one vote. 

Distribution of earnings: According to by-laws. 

Annual reports: Made to secretary of state. 

Provisions for existing organizations: Filing sworn statement showing that associa- 
tion has decided by majority vote to come under this act and paying fees. 

Use of word ‘‘cooperative”: Organizations must not use title “‘cooperative” unless 
act is complied with. 


MASSACHUSETTS. 


Scope and purpose: Any agricultural, dairy, or mercantile business. 

Number who may organize: Seven or more. 

Japital stock: Not to exceed $10,000. 

Stock ownership: Not to exceed $400. 

Investing reserve: May invest surplus in buildings of association or lend to mem- 
bers on real estate mortgages. 

Voting: Each member one vote. 

Distribution of earnings: Capital stock dividends not to exceed 5 per cent; not less 
than 10 per cent of net profits for reserve fund until at least 30 per cent of paid-up 
capital is accumulated; not to exceed 5 per cent of net profits for an educational fund; 
patronage dividends paid to stockholders and may be credited to nonstockholders as 
payment on share of stock at one-half the rate to stockholders. 

Provisions for existing organizations: By filing sworn statement thet association has 
by a majority vote decided to come under this act and paying fee of $1. 


MICHIGAN (NONSTOCK). 


Scope and purpose: Any lawful purpose other than pecuniary profit. 

Number who may organize: Five or more. 

Filing of articles of association: With secretary of state and the clerk of the county 
in which principal business is conducted. 

Capital stock: Nonstock. 

Provisions for existing organizations: Any corporation not for pecuniary profit may 
reincorporate under this act. 
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MICHIGAN (CAPITAL STOCK). 


Scope and purpose: Merchandise, agricultural, or manufacturing business. 

Number who may organize: Five or more. 

Filing of articles of incorporation and amendments: With secretary of state and clerk 
of county in which principal place of business is located. 

Filing fee: Same as other corporations. 

Management: Not less than five directors. Officers shall be president, vice presi- 
dent, secretary, and treasurer. The last two may be combined. 

Issuance of stock: When paid for in full. 

Stock ownership: Not over $1,000. 

Voting: Each member one vote. 

Voting by mail: Vote by mail to count if voter has been notified in writing and 
copy of question is attached to vote. 

Distribution of earnings: Subject to revision by the association, 6 per cent stock 
dividends, 10 per cent of net profits for reserve fund until 30 per cent of paid-up capital 

_isaccumulated, patronage dividends may be paid to nonmembers at one-half the rate 

to members. 

Annual reports: Made to secretary of state. 

Provisions for existing organizations: May come under act by complying with its 
provision and filing sworn statement with secretary of state. 


MINNESOTA. 


Scope and purpose: Any lawful mercantile, manufacturing, or agricultural business. 

Viling of articles of incorporation: With register of deeds of the county in which the 
principal place of business is located. 

Management: President, treasurer, and not less than three directors. 

Capital stock: Not to exceed $100,000. For creameries not to exceed $25,000. 

Issuance of stock: When paid for in full. 

Stock ownership: Not over $1,000. 

Voting: Each member one vote. 

Distribution of earnings: According to by-laws. 

Dissolution: If no dividends are paid for five consecutive years five or more mem- 
bers may apply to district court. 

Annual report: Creameries report to dairy and food department. 


MONTANA. 


Scope and purpose: Trade or any branch of industry, purchase or distribution of 
commodities for consumption, borrowing or lending money. 

Number who may organize: Not less than three nor more than seven incorporators. 

Filing of articles of incorporation: Secretary of state. 

Filing fee: $5. 

Capital stock: Shares not less than $10 or more than $5,000 each. 

Stock ownership: One share each. 

Voting: Each member one vote. 


NEBRASKA. 


Scope and purpose: Any lawful business. 

Number who may organize: Not less than 25. 

Filing of articles of incorporation: With secretary of state. 

Filing fee: Same as for other corporations. 

Stock ownership: According to by-laws. 

Transfer of stock: According to by-laws. 

Distribution of earnings: According to by-laws. 

Provision for existing organizations: May come under act by filing sworn state- 
ment with secretary of state. 
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NEVADA. 


Scope and purpose: Any lawful business. 

Number who may organize: Five or more. 

Filing of articles of incorporation: With secretary of state and clerk of county in 
which principal place of business is located. 

Management: According to by-laws. 

Capital stock: Nonstock. 

Transfer of memberships: Memberships may be transfered by permission of the 
board of directors. 

Voting: Each member one vote. Voting by mail may be provided for in by-laws. 

Distribution of earnings: According to by-laws. — 

Dissolution: By written request of two-thirds of the members. 


NEW JERSEY... 


Scope and purpose: Any lawful mechanical, mining, manufacturing, or trading 
business. 

Number who may organize: Seven or more. 

Filing of articles of association: Approved by chief of bureau of statistics of labor 
and industries. Filed with clerk of county in which principal place of business is 
located. 

Management: Not less than five directors. Officers shall be president, treasurer, 
and secretary. 

Capital stock: Share value not to exceed $50. 

Issuance of stock: When paid for in full. 

Transfer of stock: According to by-laws. 

Purchasing of business of other associations: May have interest in apeace society 
to the extent of one-third of its paid-up capital. 

Voting: Each member one vote. 

Distribution of earnings: According to by-laws. 

Dissolution: Same as any other corporation. 

Annual reports: Made to clerk of county and chief of bureau of statistics of labor and 


industries. 
NEW MEXICO. 


Scope and purpose: Production, preserving, drying, packing, shipping, or marketing 
of agricultural, viticultural, or horticultural products. 

Number who may organize: Three or more. 

Filing of articles of incorporation: As provided by State law. 

Management: According to by-laws. 

Capital stock: Nonstock. 

Transfer of memberships: Not to be transferred without consent of board of directors. 

Purchasing of business of other associations: Associations formed under this act may 
consolidate upon two-thirds vote of msmbers. Two or more associations may make use 
of the same agencies. 

Voting: According to articles of incorporation. 

Voting by mail: According to by-laws. 

Dissolution: Upon request of members representing two-thirds of total vote. 


NEW YORK. 


Scope and purpose: General producing, manufacturing, and merchandising busi- 
ness. 

Number who may organize: Five or more. 

Filing of articles of incorporation: Same as provided for other corporations. 

Management: Not less than five directors. Officers shall be president, one or more 
vice presidents, secretary, and treasurer. The last two may be combined. 
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Capital stock: Shares of $5 each. 

Issuance of stock: When paid for in full. 

Stock ownership: Not over $5,000. 

Transfer of stock: By written consent of corporation. 

Purchasing of business of other associations: Not to exceed 25 per cent of its capital. 

Voting: Each member one vote. 

Voting by mail: Permitted if member has been notified of question and a copy is 
attached to vote. 

Distribution of earnings: Stock dividends not to exceed 6 per cent, not less than 
10 per cent of net earnings for reserve fund until 30 per cent of paid-up capital is 
accumulated, 5 per cent of net earnings for an educational fund, patronage dividends 
to members and employees and at one-half rate to nonmembers. 

Dissolution: If no dividends are paid for five consecutive years, five or more members 
may petition supreme court of county. 

Annual reports: Made to secretary of state. 

Provision for existing preamizrtons Filing sworn statement with secretary of state. 

Use of word ‘‘cooperative”’: Not to be used in name of any corporation formed after 
passage of this act unless act fs complied with. 


NORTH CAROLINA. 


Scope and purpose: Any agricultural, dairy, mercantile, mining, manufacturing, or 
mechanical business. 

Number who may organize: Five or more. 

Filing of articles ot incorporation and amendments: With secretary of state and clerk 
oI superior court in county in which principal place oz business is located. 

_Filing fee: $10 and fee allowed by law to secretary of state, $2 when capital stock is 
less than $1,000. Fifty cents to clerk of court. For filing amendments, $5, or $2 if 
capital stock is less than $1,000. 

Management: Not less than five directors. Officers shall be president, one or more 
vice presidents, secretary, and treasurer. The last two may be combined. 

- Stock ownership: Limited to 20 per cent of paid-up capital stock. 

Transfer of stock: According to by-laws. 

Voting: Each member one vote. 

Voting by mail and proxy: Vote by mail to count if accompanied by a copy of the 
question. Proxies must be in writing. 

Distribution of earnings: Subject to revision by association, stock dividends not to 
exceed 6 per cent, not less than 10 per cent of net profits to reserve fund until 30 per 
cent of paid-up capital is accumulated, not less than 2 per cent of net profits for an 
educational fund, patronage dividends to members and employees and to nonmembers 
at one-half rate. 

Annual report: Made to secretary of state and division of markets and rural organ- 
ization. 

Provision for existing organizations: Filing sworn statement with secretary of state. 

Use of word ‘‘cooperative’’: Not to be used in name of any organization hereafter 
fcrmed unless this act is complied with. 


NORTH DAKOTA. 


Scope and purpose: Any lawful mercantile, manufacturing, agricultural, or indus- 
trial business. te 

Filing of articles of incorporation: With secretary of state. 

Filing fee: $10 

Management: President, secretary, treasurer, and not less than three directors. 

Capital stock: Not to feel $50,000. 

Issuance of stock: When paid tor in full. 
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Stock ownership: Not over $1,000. 

Voting: Each member one vote. 

Distribution of earnings: According to by-laws. 

Dissolution: If no dividends are paid in five years, five or more MS Be may 
petition. 

Annual reports: Creameries report to dairy commissioner. 


OHIO. 


Scope and purpose: Trade associations. 
Distribution of earnings: According to by-laws. 


OREGON. 


Scope and purpose: Any lawful business. 

Number who may organize: Five or more. 

Filing of articles of incorporation and amendments: With secretary of state, clerk of 
county, and Oregon Agricultural College. 

- Filing fee: $10 to secretary of state, 25 cents per 100 words to clerk of county. For 
amendments, $5 to secretary of state and 25 cents.per 100 words to clerk. - 

Management: President and four other directors. 

Issuance of stock: When paid for in full. 

Stock ownership: Not over one-fifth. 

Purchasing of business of other associations: Not to exceed 20 per cent of i capital 
and reserve fund. 

Voting: Each member one vote. 

Voting by mail and proxy: May vote by mail. No proxy. 

Distribution of earnings: Stock dividends not to exceed 6 per cent, not less than 5 
or more than 25 per cent of net earnings for reserve fund, patronage dividends to non- | 
members one-half the rate to members. 

Dissolution: By written request of two-thirds of its members. 

Annual reports: Made to secretary of state and Oregon Agricultural College. 

Provisions for existing organizations: By filing sworn statement with the secretary 
of state. 

Use of word ‘‘cooperative”: Not to be used unless this act is complied with. 


PENNSYLVANIA. 


Scope and purpose: Productive or distributive business. 

Number who may organize: Five or more. 

Filing of articles of incorporation and amendments: With secretary of state and 
recorder of deeds of county in which principal place of business is located. 

Filing fees: 10 cents for each 100 words to secretary of state and recorder of deeds. 

Capital stock: Shares $5 to $25. 

Stock ownership: $1,000. May be increased by vote of members. 

Purchasing of business of other associations: By majority vote of members. 

Voting: Each member one vote. 

Voting by proxy: No proxy voting. 

Distribution of earnings: Stock dividends 5 or 6 per cent (see law), not less than 
24 per cent of net profits for educational fund, patronage dividends to members and 
employees and to nonmembers at one-half rate. 

Dissolution: By majority vote of the members. 

teports: Monthly reports to be posted in principal office. 
Provision for existing organizations: May come under act by a majority vote. 
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SOUTH CAROLINA. 


Scope and purpose: Agricultural, dairy, mercantile, mining, mechanical, or manu- 
facturing business. 

Number who may organize: Five or more. 

Filing of articles of incorporation: With secretary of state. 

Management: Not less than five nor more than nine directors. Officers shall be 
president, secretary, and treasurer. Last two may be combined. 

Capital stock: Not less than $100. 

Stock ownership: Not over one-fifth. 

Purchasing of business of other associations: By a majority vote, reserve may be’ 
invested in capital stock of other associations not to exceed 25 per cent of its capital. 

Voting: Each member one vote. 

Distribution of earnings: May be revised by association, stock dividends not to 
exceed 6 per cent, not less than 10 per cent of net profits to reserve fund until at least 
30 per cent of paid-up capital stock is accumulated, 5 per cent of net profits to educa- 
cational fund, patronage dividends to shareholders, employees, and nonmembers 
at one-half the rate and may be credited on share of stock. 

Annual reports: To commissioner of agriculture. 

Provisions for existing organizations: Filing sworn statement with secretary of state. 

Use of word ‘‘cooperative”: Not to be used as part of name by any organization 
formed after passage of act unless act is complied with. 


SOUTH DAKOTA. 


Scope and purpose: Any agricultural, dairy, mercantile, mining, manufacturing, 
or mechanical business. 

Number who may organize: Five or more. 

Filing of amendments: With secretary of state. 

Management: Not less than five directors. Officers shall be president, one or more 
vice presidents, secretary, and treasurer. The last two may be combined. 

Stock ownership: Not more than $1,000. 

Purchasing of business of other associations: By a majority vote, not to exceed 25 
per cent of its capital 

Voting: Each member one vote. 

Voting by mail: Permitted if vote is accompanied by a written copy of the question. 

Distribution of earnings: May be revised by association, dividends on capital stock 
not to exceed 10 per cent, not less than 10 per cent of net profits to reserve fund until 
30 per cent of paid-up capital is accumulated, not to exceed 5 per cent of net profits 
for educational fund, patronage dividend to shareholders. 

Provisions for existing organizations: Filing sworn statement with secretary of state. 


TENNESSEE. 


Scope and purpose: Buying and selling any agricultural products and dealing in 
merchandise. 
Number who may organize: Seven or more. 


VIRGINIA. 


Scope and purpose: Any agricultural, dairy, mercantile, manufacturing, or mechan- 
ical business. 

Number who may organize: Five or more. 

Filing of articles of incorporation: With judge of circuit court, State corporation 
commissioner, secretary of the commonwealth, and clerk of circuit or chancery court. 

Filing fee: To secretary of commonwealth and clerk of court. 

Management: Not less than three directors. Officers shall be president, one or 
more vice presidents, secretary, and treasurer. The last two may be combined. 
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Stock ownership: Not to exceed $1,000. 

Purchasing of business of other organizations: By majority vote, not to exceed 25 
per cent of its capital. 

Voting: Each member one vote. 

Voting by mail: Permitted if vote is accompanied by a copy of the question. © 

Distribution of earnings: May be revised by association, stock dividends not to 
exceed 6 per cent, not less than 10 per cent of net profits to reserve until 30 per cent 
of paid-up capital stock is accumulated, 5 per cent of net profits for educational fund, 
patronage dividends to shareholders and employees and to nonshareholders at one- 
half rate. 

Dissolution: If no stock dividends are paid for three successive years, five or more 
may apply to circuit court. ’ 

Use of word ‘“‘cooperative”: Not to be used as part of name by any organization 
formed after the passage of this act unless it complies with act. 


WASHINGTON (NONSTOCK). 


Scope and purpose: Any lawful purpose except carrying on of a busniess, trade 


avocation, or profession for profit. 
Number who may organize: Five or more. 


Filing of articles of incorporation: With secretary of state and county auditor of 
county in which principal place of business is located. ‘ 

Filing fee: Same as for stock corporations. 

Management: According to by-laws. 

Capital stock: Nonstock. 

Voting: All members have equal power. 

Dissolution: Upon written request of two-thirds of the members. 

Provisions for existing organizations: So deciding by a majority vote and filing state- 
ment with secretary of state and county auditor. 


WASHINGTON (CAPITAL STOCK). 


Scope and purpose: Any lawful business. 

Number who may organize: Five or more. 

Filing of articles of incorporation and amendments: With secretary of state and 
county auditor of county in which principal place of business is located. 

Filing fee: $25 to secretary of state and 15 cents per 100 words to auditor. For 
amendments, $10 to secretary of state and 15 cents per 100 words to auditor. 

Management: Not less than three directors. Officers shall be president, one or more 
vice presidents, secretary, and treasurer. 

Issuance of stock: When paid for in full. 

Stock ownership: Not more than one-fifth of stock. 

Purchasing of business of other associations: By a majority vote of a majority of the 
stockholders. 

Voting: Each member one vote. 

Voting by mail: Permitted if accompanied by a written copy of the question. 

Distribution of earnings: Capital stock dividends not to exceed 8 per cent, 10 to 25 
per cent of remainder of net profits to reserve fund, patronage dividends to members, 
to nonmembers at one-half the rate to members. 

Annual report: To secretary of state. 

Provisions for existing organizations: Filing sworn statement with secretary of state. 

Use of word “‘cooperative”: Not to be used as part of name by any corporation not 
complying with this act. 
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WISCONSIN. 


Scope and purpose: Any agricultural, dairy, mercantile, mining, manufacturing, 
or mechanical business. 

Number who may organize: Five or more. 

Filing of articles of incorporation and amendments: With secretary of state and the 
register of deeds of the county in which the principal place of business is located. 

Filing fee: $10 to secretary of state and 25 cents to register of deeds. For amend- 
ments, $5 to secretary of state. 

Management: Not less than five directors. Officers shall be president, one or more 
vice presidents, secretary,-and treasurer. The last two may be combined. 

Stock ownership: Not more than $1,000. 

Purchasing of business of other associations: By a majority vote, not to exceed 25 
per cent of capital may be thus invested. . 

Voting: Each member one vote. 

Voting by mail: Permitted if copy of question accompanies vote. 

Distribution of earnings: Stock dividends not to exceed 6 per cent of net earnings 
to reserve fund until 30 per cent of paid-up capital stock is accumulated, 5 per cent of 
net profits to educational fund, patronage dividends to stockholders and employed: 
and. to-nonstockholders at one- “half rate. 

Dissolution: If no profits are paid for five or more years, five or more stockholders 
may apply to circuit court. 

Annual reports: To secretary of state. 

Provisions for existing organizations: Filing sworn statement with secretary of 
state. 

Use of word ‘“‘cooperative”: Not to be used as part of name by any corporation 
organized after passage of this act unless it complies with act. 


WYOMING. 


Scope and purpose: Agricultural, dairy, live stock, irrigation, horticultural, mer- 
cantile, manufacturing, or industrial business. 

Number who may organize: Five or more. 

Filing of articles of incorporation and amendments: With secretary of state and 
clerk of counties in which business is carried on. 

Filing fee: Same as for general corporations. 

Management: Not less than three directors. 

_ Issuance of stock: When paid for in full. 

Stock ownership: Not more than $1,000 or one-third of outstanding stock. 

Voting: Each member one vote. 

Voting by mail or proxy: Not permitted unless provided in by-laws. 

Distribution of earnings: May be revised by stockholders, not to exceed 8 per cent 
capital stock dividends, not less than 10 per cent of net earnings to reserve fund until 
30 per cent of paid-up capital stock is accumulated, patronage dividends to non- 
members may be provided in by-laws. 

Annual reports: Statement to be kept on file with the secretary of the association. 

Use of the word ‘‘cooperative”’: Not to be used as part of the name unless this act is 
complied with. 


THE CLAYTON AMENDMENT TO wer UNITED STATES ANTITRUST 
LAWS. 

In preparing State laws authorizing cooperative organizations, 
consideration should be given.to the United States antitrust laws, 
especially the amendment thereto commonly known as the Clayton 
amendment, which was passed by the Sixty-third Congress. Section 
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6 of this amendment has an important bearmg on farmers’ organiza- 
tions because it exempts from the operation of the United States 
antitrust laws certain types of agricultural and horticultural organi- 
zations. Section 6 reads as follows: 

That the labor of a human being is not a commodity or article of commerce. 
Nothing contained in the antitrust laws shall be construed to forbid the existence and 
operation of labor, agricultural, or horticultural organizations, instituted for the pur- 
poses of mutual help, and not having capital stock or conducted for profit, or to forbid 
or restrain individual members of such organizations from lawfully carrying out the 
legitimate objects thereof; nor shall such organizations, or the members thereof, be 
held or construed to be illegal combinations or conspiracies in restraint of trade, under 
the antitrust laws. 


It is important that State laws authorizing cooperative corpora- 
tions should be so framed or amended as to confer ample authority 
upon such organizations to comply with the provisions of the Federal 
statute. 

Investigation shows that many farmers’ organizations operate on 
the capital stock plan because the laws of the State under which 
they exist require capital stock, although a majority of them choose 
the capital stock plan because it is thought that such a plan is best 
adapted to securing the necessary capital for financing them. The 
legal difficulties under existing State laws for noncapital stock 
organizations should be eliminated as their presence influences the 
creation of capital stock organizations which as a matter of law can 
never possess the benefits and privileges conferred by section 6. 

The sentiment in the public mind that capital stock is essential for 
the procurement of necessary capital, while widespread, is not well 
founded, as is’demonstrated by the success and great borrowing 
capacity of various noncapital stock cooperative organizations im 
existence in the United States at the present time. 
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THE BUSINESS OF TEN DAIRY FARMS IN THE 
BLUEGRASS REGION OF KENTUCKY. 


By J. H. ARNoLD, Agriculturist. 
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The purpose of this bulletin is to present a brief analysis of the 
business of 10 dairy farms which were found among 187 farms! 
selected and studied during 1914 in Mason, Scott, and Madison 
Counties, in the bluegrass region of Kentucky. This analysis will 
show how these farms were organized and will point out the factors 
which made some of them profitable. From so few records it would 
not be possible to analyze thoroughly the economic situation relative 
to dairying in this locality, but the analysis should be of some prac- 
tical interest to the bluegrass farmer who already is running a dairy 
farm or who is about to organize one. 


GENERAL DESCRIPTION OF THE REGION FROM THE POINT OF VIEW 
OF DAIRYING. 


The fact that this locality is famous for bluegrass would suggest a 
favorable locality for dairying. The adaptation of the soil to blue- 
grass pasture is the distinctive natural advantage which this locality 
has for this type of farming. The climatic factors, however, partly 


1 An analysis of these farms, including the 10 dairy farms, is given in U.S. Department of Agriculture 
Bulletin No. 482; Farming in the Bluegrass Region. 
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offset this advantage, especially for the production of cheese and 
butter. The long summer months are warm, with a lower rainfall 
than the winter months, while in the extensive dairy sections of 
Wisconsin and New York the highest rainfall is during the summer 
months, which average 7 to 8 degrees cooler than in Kentucky. 
These adverse conditions have not interfered with the increased 
production of market milk where there is a demand at good prices, 
but they are a handicap especially in the production of cheese, 
which is produced to best advantage in a climate that is relatively 
cool, 

Most of the dairy farms in the region have developed near such 
large cities as Cincinnati and Louisville, where large quantities of 
milk and cream may be marketed. Lexington, a city of about 
40,000 inhabitants, and several other towns of 5,000 to 15,000, 
furnish a market for a few dairy farms in the central part of the 
bluegrass region. 


RECEIPTS FROM DAIRY PRODUCTS, TOGETHER WITH LABOR INCOMES, 
ON EACH OF TEN FARMS. 


The business of each of the 10 farms studied may be summarized 
briefly, as follows: . 


TaBLE I.—Size of farms, with number of cows and with receipts from labor income and 
dairy products. 


ry Size | Num-| yapor Gross | Receipts | Receipts | Gross 

Farm No. of ber of Sarees. receipts from from receipts 

farm. | cows. from milk.| cream. butter. | per cow. 
Gs Upere Re Ae pb ts late 400 75 | $1,466 | $5,315 | $2,101 |...-..-.- $98. 88 
5 EONS SSeS aires ae (ide ay | 990.1 “°307) 654] “AV Sno iemee Geren eat! 150. 00 
ee Eee A Ee EE 247 19} 1,739 | 3,066 PSOAIMER. eve 199. 78 
BD BS B28 BS oo ore rete hemes 150 50} 6,408 | 6,768 | 1,128 $25 | 158.00 
yr e st eS ih aeaboee eee 51 15} 3,201 |) 2,920 225 260 | 227.00 
Grprmers sherk P22 are 86 De liba, UE aad TO HR OOGR sapere 230. 00 
Tt BOs SO ee 82.| 30) 1,509) 2/966 ASO a cease 114. 86 
Sear pier oe eb ils 70 | 4 10. Bee ZUSi ene eee 52.00 
Qe Mel we earache ord BARNS 134 | 12 28 Ten Soe e rs G24). ee eeh 52.00 
1 RMEN  A S rte ae p ete 120 12 a | Ya PSI 104 780 73. 60 
Average of all......... 163 | Qh Leelee too 689 106 | 126.16 


1 This farm fell $139 short of paying expenses, including interest on investment. 
2 This farm fell $1,521 short of paying expenses, including interest on investment. 


Thus it will be seen that these ten dairy farms depend mostly on 


market milk for income. 


Cream is next in importance. 


Very little 


butter is marketed. The one dairyman depending mostly on butter 
for income failed to make expenses, counting interest on investment 
among the expenses. The market price of milk distributed to cus- 
tomers ranged from 7 to 10 cents per quart, and cream 60 cents to 
$1 per gallon, depending on market opportunities and quality of 
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product. Near the smaller towns the milk is mostly bottled and is 
marketed at the door of the customer. In the vicinity of larger cities 
it is mostly shipped in and retailed through local distributors. When 
this was done the farmer received 15 to 20 cents per gallon for milk 
and paid 14 to 2 cents per gallon to ship it 30 to 50 miles. 

The labor incomes ' on most of the farms were large, as compared 
with those of successful farms of other types in this region. The 
average labor income on 187 farms was $750, while the average of 
these ten dairy farms was $1,773. 

Table I shows plainly that of the ten Png studied those which 
‘sold market milk and which had high net receipts per cow made the 
most money. 


OTHER SOURCES OF INCOME. 


While ate products furnished the main source of income on these 
farms, the farmers found it profitable to diversify to some extent. 
Other common sources of income were tobacco and wheat. In some 
cases a few steers were kept. There was some income from the sale 
of dairy cows, young stock, and calves. In some cases also there was 
a substantial income from swine and poultry. ‘The percentage 
receipts from dairy quod tens and tobacco on these farms were as 
follows: 


TaBLe I1.—Percentage receipts from dairy products and tobacco. 


\ Receipts | Receipts Receipts | Receipts 
Farm No. from from Farm. No. from from 
dairy. tobacco. dairy. tobacco. 
Per cent. | Per cent. Per cent. | Per cent. 

Oe ep SNS Fa, a 80 AIC] de BORE RIN AU ol Nie | Han nT 90 

Bis 3 Sh SNe Re Se 67 TaN corned Sea team oni 55 0 
3) Ree IN SU ERB ara at eae 82 AE) Uses Meee es SS PrN eos 49 15 
ZAIN See ADR es eat Ube 72 5 Wig MO RSs uO i a ie dl 0 
£5 ESO ES Ne OR Aa 85 9 

Fg A Pam enero 80 9 Average........- 71 5.8 


Tobacco is a crop specially adapted to the region, and on many 
farms it is the main source of income. The percentage receipts from 
dairying on the ten farms in question, as shown in Table II, included 
net receipts from dairy stock and from calves. During the past two 
years (1915 and 1916) Farm No. 4 has found hemp a profitable crop, 
not only because of recent increase in price of this product, but 
because during its growing season hemp requires no attention, while 
the harvesting is done in a few days by machinery and the other 
operations in preparation for marketing may be let out to negroes 
who are experienced hemp workers. 


1 Labor income is what the farmer makes above expenses, which include current interest on the money 
he has tied up in his business. 
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COST OF FEED. 


As previously suggested, the adaptation of soil to bluegrass graz- 
ing is a distinct advantage for the dairy business in this section. 
During the grazing period, from May to November, most of these 
dairymen have not fed concentrates, except when the season hap- 
pened to be drier than usual and the pasture short. Milk usually is 
reduced in price during the summer because of the plentifulness of 
grazing, which increases the general supply of milk. Cows graze to a 
considerable extent on bluegrass during the winter months, and 
occasionally on rye or wheat fields. Thus the quantity of feed that 
needs to be bought is small, compared with that bought on the 
Northern dairy farm. On account of recent advance in price of con- 
centrated feeds, one of the ten dairymen has filled his old silo with 
clover and has built a new one for corn and cane silage. Clover is 
thus used as a substitute for the more expensive concentrated feeds, 
such as cottonseed meal, bran, and shorts. In 1914, the year the 
business records of these farms were taken, the average cost of 
concentrated feeds bought was about $14 per cow, which in terms 
of concentrated feed at $35 per ton (about the average price in 1914) 
would mean that the average cow got about 4.4 pounds of this feed 
daily for 180 days. Other purchased feeds, mostly hay and corn 
fodder, amounted on the average to about $4.50 per cow. 

The bluegrass dairyman pastures more intensively than the aver- 
age live-stock farmer. The latter allows about 4 acres for each 
animal unit,! while the average for the ten dairy farms was found to 
be about 1.6 acres for each animal unit on the farm. Dairy farms 
are relatively small, the manure is exceptionally rich in plant food, 
and a large part of it is scattered on the pastures. According to 
figures obtained, $40 to $50 would be a liberal estimate for the 
average cost of feed for each dairy cow kept on the farms studied. 


TO WHAT EXTENT DAIRYING MAY BE DEVELOPED IN THE BLUEGRASS 
REGION. 


While a study of these ten dairy farms would indicate that market 
milk production was profitable where markets have developed, dairy 
farming is not the type that can be as generally recommended as 
some other types until it has been demonstrated that butter and 
cheese, the least perishable of dairy products, and those which have 
a wide demand in the general market, can be profitably produced 
here. The production of milk and butter in the three counties 
(Madison, Scott, and Mason) in which these ten dairy farms are 
located remained practically stationary between 1890 and 1910. On 


1 Animal unit—the equivalent of 1 cow, horse, or beef animal. Two heifers, 4 calves, 7 sheep, 5 hogs, 
14 pigs, or 100 chickens are counted as equivalent to an animal unit. 
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the other hand, the production of tobacco, hemp, hay, beef cattle, 
and sheep, characteristic of the more general profitable types, had a 
marked increase during the same period. In 1890 the census enumer- 
ators found 5,357 pounds of cheese produced in Madison County and 
2,025 pounds in Mason County. In the census years of 1900 and 
1910, practically none was reported for these counties. In Jefferson 
County, bordering on the bluegrass region, 10,120 pounds was 
reported in 1890 and 13,817 pounds in 1900. None, however, was 
_ reported in the census of 1910. Three counties bordering Jefferson 
produced about 15,000 pounds during the period covered by the 
census of 1890 and 1900, but none was reported for these counties 
in 1910. Between 1900 and 1910, however, there was a large increase 
in the production of market milk for the Louisville market in these 
counties. ‘The cheese production that still persists in Kentucky is 
confined largely to the low mountains and hills bordering the _blue- 
grass region, known as ‘‘The Rim,’ where there is some bluegrass 
land, though rather unfavorable for general farming and low in price. 
In this region spring water is abundant and the climate is somewhat 
cooler than in the more level bluegrass country. On the hilly, 
cheaper land along the Ohio River a small quantity of cheese was still 
being produced in 1910. 

These facts relative to dairying in Kentucky emphasize the truth 
that farm enterprises once started in a locality will develop only to 
the extent that they find a favorable environment and are found 
to be profitable by practical farmers. The production of butter and 
cheese would no doubt be profitable in the bluegrass region and pos- 
sibly at the present time would be a thriving industry if other enter- | 
prises such as tobacco, hemp, wheat, beef cattle, swine, and sheep had 
not proved to be more generaliy profitable. The fact, however, that 
the production of butter and cheese has not yet developed into a 
profitable and extensive business here is not conclusive evidence that 

_ it would not be profitable on many farms favorably situated for these 

enterprises. Even on many general diversified farms in this region 

_ profits could be increased by keeping better dairy cows and producing 

- butter and even some cheese as a side line. Many farms in the 
bluegrass region have excellent springs which may be used to advan- 
tage in connection with such enterprises. 

An important factor in retarding the development of the dairy 
industry even under favorable conditions is the general reluctance of 
bluegrass farmers to engage init. While negro laborers as a rule are 
experts in growing and handling tobacco, they are not familiar with 
the processes of dairying and share the common objection to it. In 
some sections, however, where dairying has become profitable and 
‘where it has been practiced a long time, this dislike is being gradually 
overcome. | 
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SEVEN SUCCESSFUL DAIRY FARMS ANALYZED AND COMPARED. 


FARM NO. 1. 
Size of Farm ce Wey cls 2 pel cS le cuca acres. . 400 
Number of cows.) ).- 6.2 .-86 2.200202 30) See ee 75 
Muntber of other animal units th250 0220) 2 ee 37 
Motalicapital =. Pesci 2 SIC e SEs aa eee ea $50, 097 
Working capital?) s..23 i. 2212 J2assne es ee ee 7, 874 
WopalTeeeiptss fie, - css iid ei ap) eibrepere bh OR ed TAO ea 11, 824 
Receipts: irom dairy. 22/3 .i.04 2, a an Ge AERO re 7,416 
1 Dpig 0121 21:| 2): hee ae eee een ees cole a RN MI 7, 854 
Panmiincome ny... te. sp ee eed beRene aha © DIATE) tl 3, 970 
Laboriineome ©2200)... 22. eA As ee 1, 466 


This is the largest farm of the ten in question and is valued at $125 
per acre. It is well situated near a market pot. While it is some- 
what rolling, the soil is of good quality and about all of it tillable. 
If properly organized, this farm should have made the largest labor 
income of the group. Instead, it is among the lowest, those which 
were only fairly successful. In the first place, the dairy business 
shows up poor in quality, receipts per cow being low as compared 
with those of the more successful farms. The operator has 75 cows, 
about as many as he can give proper attention to. Half his acreage 
easily could be made to support this herd. Thus, this area of land 
(400 acres) might be supporting two successful dairy farms instead 
of one (see farm No. 4). If there were an additional farm superin- 
tendent, however, the farm might be so organized that the dairy 
business could be conducted as one department, while the greater 
part of the land could be cropped in accordance with the best practice 
in the section. With a higher degree of diversity and by handling 
other live stock, the gross income of this farm, even with its present 
management, should be increased considerably without much more 
expense. The average expenses of the ten farms are about 45 
per cent of receipts, while on this farm they are about 75 per cent, 
showing that the business was too expensive for the income received. 
This farmer housed his cows in a $7,000 dairy barn, an invest- 
ment of nearly $100 per cow, while his nearest competitor, one of 
the most successful farmers of the group, had but one-third of this 
amount invested. Although this was a large farm and showed a 
relatively small proportion of its receipts from other sources than 
dairying, it failed to produce as much feed for dairy stock as the 
average farm ($18) and expended for purchased feeds $20 per cow. 


1See footnote, p. 4. 

2 Total capital includes investment in land, buildings, machinery, live stock, feed, supplies, and cash 
to run the business. y 

8 Working capital includes all items of capital except land, buildings, and other improvements usually’ 
included in real estate. 

4 Expenses include a charge for unpaid family labor, depreciation, and 5 per cent interest on total capital 
besides money actually paid out in conducting the farm business. 

5 Farm income is the total receipts less expenses. 

6 Labor income is farm income less 5 per cent interest on invested capital. 
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: FARM NO. 2. 

BIZELOR TANI Meee e eo Pe eo Paar ays acres. . 290 
PPI DER IOR GOS tere)e -fevevetat clea l= ages « V\ewnagete tthe dat Lhe tN 30 
Number‘of other animal units. . 2). 2.2 eee oe ee 28 
“TSG COP ONTUE A Se ei oN ARS  U ene  S eSL  NBNS EN $26, 890 
ORAL CATO UA Vs cI eis ey Se NS di ae 6, 881 
DUEL] TA BCCLETT OUTS ESN SPREE UN a RS NK 8, 383 
SSE SIG EUOTIN LAL Vi Myvi yrs Ye nye aa ean eI lets ital 4, 500 
LO ROCLNSESIS SUS Sa Ie Sa Le Ree ee 3, 385 
EVs prey TOC CYST AB As I lp A 4,998 
(Spy Sete tra Gh aa SAO USAGE Senge AE EG I a 3, 654 


Of the larger sized farms among the ten studied this one is the most 
efficiently organized. The diversity is much greater than that of 
' farm No. 1. About 46 per cent of receipts were from sources other 
than dairying, mainly wheat and tobacco. Sales of live stock 
amounted to $1,200 above purchases. The operator owned 132 
acres and rented 158 additional, for which he paid $800 a year. All 
the feed except concentrates was raised on the farm. Only one man 
was hired, the operator and his family doing most of the dairy work. 
The manure from the dairy was applied to his own land. This made 
his crop yields much higher than the average. Eleven acres of to- 
bacco and 10 acres of corn were raised by a cropper. Thirty-three 
acres of corn for grain, 12 acres of silage corn, 50 acres of wheat, 25 
acres of meadow hay, and 5 acres of tobacco were raised by his own 
and hired labor. The owner had been in the dairy business about 
40 years and is about 60 years of age. A large family had been raised 
and educated. 

FARM NO. 3. 


DPZGIOR arma err Wei ey te eo amy seul gn ie aye acres 247 
INIMEMD eG COWSES eee tise ce eun At a Seem egcin youn Ce eke 19 
Nimber ob otheranimal umits. 2)... 28h 2s ok) 16 
Pikoraltenpiutal Moses Oo ee ul AMR cal ap $15, 396 
Nvorkamarcapitalss i) ee oo ea 2) FRSA SAAN Caius Mg 3, 046 
TROVE TieGreve ORS aa Aes BSN AOU ES 2 YU ged aU GGA ee em ge CLA TG i 8 
ecCempismnomuedaimy issn een eh dame ily etl Bae 3, 796 
EDN CTASCS NA Ue ane renee i 2 MG ah Ge [eT 4, 438 
[Damen Tha Vevey a el UNE A LOU A ns Re 0 ANN ea ie a 2, 509 
Manor WT COMICL ease mathe a ssi eN Nn Bea Ta Ivey) 


This farm had 10 acres of corn for grain, 8 acres for silage, 10 acres 
‘in rye which was grazed, and 20 acresin hay. There were 153 acres 
in pasture, 2 acres in garden and orchard, and the remainder, 44 
acres, was considered waste land. The topography was hilly and not 
well adapted to cultivated crops. The land was valued at $40 per 
acre, though the more level land in the community was valued at 
$100 to $150 per acre. Three year-hands were employed on this 
farm and seven head of work stock were kept. Both man-labor and 
horse-labor were poorly utilized. A better utilization could have been 
achieved and the income considerably increased if a few acres of 
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tobacco had been raised. There were no receipts from crops and 
diversity was low. 


FARM NO. 4. 
RIZGGr dar eo ah eR ee acres 150 
Maniver of Cows. 22226 seve. t. fen. otc eee 50 
Normber of other‘animal units: 255500... 22252 25eseeeeeeeee 48 
Metahcapitak nw cs .c tte s te de ee eee $33, 081 
Worn eaprbal.. <2. .:2 5 tote sees ee LI, 354 
Totabirecempts-..o2 so f2.0 26 22 PSSA ee 12, 500 
Receipts trond dairy: 3: 60.02.2225: $4. 2h ee ee 7,921 
Pixpensesi cent scl-2 222 2sc82 322 ti 3.22 Secs ee 2, 818 
Farm Income! 2. 2.42 es d6 sis ja. a. 52 Sc ores eee Bee ee 8, 062 
Toalboramcome ss yes cee aa a 6, 408 


This farm well may be classed as the best dairy farm of the ten. 
While the receipts per cow were considerably above the average, 
others had higher receipts per cow, but in the expenses this farm 
showed high efficiency in the economy of labor and feed, two most 
important factors in expenses. Operating expenses were only about 
35 per cent of receipts, as compared with 45 per cent, the average for 
the ten farms. The land area (150 acres) was small as compared 
with the number of stock units kept on the farm. These number 
about 98, or about 1.9 acres for each animal unit. Of this number of 
animal units, 50 were dairy cows. [Every part of the farm, including 
pasture area, received frequent applications of stable manure. There 
is practically no waste land on this farm. But a small acreage is 
occupied by fences, buildings, and roadway. Bluegrass grows even 
in small lots and about the buildings. The feed purchased amounted 
to about $10 per cow. About 50 per cent of the farm area is in blue- 
grass pasture, which in a normal season furnishes all the feed for 
dairy stock during the summer. A considerable amount of grazing 
also is done during the winter. Fields that are to be pastured in 
winter are allowed to accumulate a good growth of grass in the fall. 
About $1,000 of the total receipts represented breeding fees. Usually 
a few acres of tobacco are raised. During the last two years (1915- 
1916), however, hemp has been substituted for tobacco. It was esti- 
mated that the hemp for 1916 would yield about 1,700 pounds per 
acre, which, at 10 cents per pound (about the price of the previous 
year), would be $170 per acre. The expense of growing an acre of 
hemp is about the same as that of tobacco ($50 to $60, exclusive of 
rent), and the average rent for the land is figured at $30 to $50 per 
acre. 

This farm has been organized as a dairy farm for about 12 years 
and has been exceptionally successful. It sets the standard for 
quality and prices for milk in the locality and is rated among the best 
dairy farms in the State. The operator is a graduate of an agri- 
cultural college. He does the work of milking, bottling, and distrib- 
uting with the help of a man and a boy. 
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FARM NO. 5. 
ova, Cove reamed Ae A Se Ne ANCA NO Be BR a OD ee wl acres. . 51 
PNPM ETN OL CO wisest rey = ee Ncich japanese Oe Sk ia Ua a 15 
Nmmberonotherianimal waits. cee 11 
otalcapital ye P eco el El he IN Na 2 hs ON see $8, 843 
ROR EN OTCA DIG eee eee ee ae 2, 786 
"OGT! TAXCTS yO Sf ae aa SUSIE aR i gS a 5, 449 
Ty S/C@ OTHE) 1 aya) beta za ey a a A ae CS a VN 3, 405 
OES] OBLOISERICCH IS IS emer la Uses 2 ee, eM) BARE Te aCe eta Pa 1, 811 
LER) TOC CL0) OE WS Mea Mo Al se ST SUN NS 3, 638 
Labor income.......-- EE ine Se ee NG Cis ey MATE Aare NESTON AR 3, 196 


This farm shows the possibility of profitable dairymg on a small 
farm with a small amount of capital invested, and on which about. 
all the labor is done by the operator and his family. Here, again, 
high business efficiency was shown in that operating expenses were 
but 33 per cent of receipts and the labor income was among the 
highest of the group. This farmer has to buy more than the usual. 
quantity of feed, which cost him about $25 per cow. The receipts 
per cow were unusually high. ‘This was due, no doubt, to high 
quality of cows kept and to the fact that he milked the cows himself. 
The milk was retailed at 8 to 10 cents per quart and the cream at. 
$1 per gallon. This farmer raised 34 acres of tobacco, which he sold. 
for about $500. He sold 5 cows for $55 per head and bought better: 
ones for $65 per head. Sales from poultry were $80, and a colt 
was raised which increased in value $115. This farmer has been a. 
farm laborer 7 years, a tenant 10 years, and an owner 8 years. He is 
now 40 years old. He owns 40 acres and rents 11 acres additional 
. for hay. Twenty-five acres were devoted to permanent bluegrass 
pasture; the remainder, besides 2 acres counted as waste, were in. 
crops. 


FARM NO. 6. 
SE a® Ope gine AN CO ee Ma ene Cs acres. - 86 
ANPP RO COWS Mise een ec AY Sema eR Noe 9 
Number of other ifcaal UBOUNASLAS ep SD UU pO NR RN UA 33 
‘alien ioe wetieM A NES iis an aed ate eve a Mas Re ae EL ea $16, 800 
proulsmeycapttal Diehl ee cb ie aye ay Mine at oe ha 2, 675 
TOG TS rat oy PSI aes Nes icin A ga VAC a val HA 2, 982 
PREC CHO LS EON Calyie my eyelets seminal SIMmpoy My 2,072 
ee LISe Se iran vate coo). Aue A Ue UCTS a 2 1, 021 
Lesage rayGx0y coe Ma > A Re ee J a A 1, 961 
IE Ao IAA COMIC Ik Lek erty AEE i ac UN AMS NRIIAE (yu Lh Yee 1,121 


This farm was only moderately successful. Profits could have been. 
increased greatly if the business had been made larger by increasing 
the income from cows. If the operator had hired a man he could 
have increased his herd to 20 or 25 cows and besides could have 
raised 5 to 6 acres of tobacco instead of 2. There were no receipts 
from hogs, although there must have been a large quantity of skim 
milk which should have been fed on the farm. Only $75 worth of 
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skim milk was sold, showing that much of it must have gone practi- 
cally to waste. 


FARM NO. 7. 
Been PANT io «<2 asc creek cals ea er acres. . 82 
Nagmiberiof COWS... \-(. 210-22 ais'-6 So = es ek 30 
Number of other animal units. .).)..% (22 22 ee ee 30 
Total capital, owner and.tenant.. ...-..£ 202-222 22 ee $138, 661 
Working capital, owner and tenant............-...-...-- 3, 396 
Menamb SGapltall si: oc. ood ee ly oe Cee ye Se ee 1, 698 
Total FEGeUp ts f. ooo a te dk YES 5, 134 
Recerpie trom dairy . 25. 235.3 ee ee 3, 446 
Bixpensess 3) ki). Lae Pad Se VU eS 2, 032 
Farm.income), owner and tenant: 44/5/14. ese ee ee 3, 102’ 
Tenant’s farmiincome: 2: M22) Ne ee eee 1, 594 
Tenant’s labor incomes): ! 2.36.4. Bin ee 1, 509 
Owner’s profit on investment......--2--1-2-.--- per cent. . 12.6 


This farm was operated by a tenant who had a half interest in 
the working capital of the farm, which included the investment in 
machinery, live stock, feed, and supplies, and cash to run the business. 
Business expenses were shared equally, as were also receipts. The 
tenant with the help of two year-hands and some extra labor per- 
formed the work. There were three work horses. Forty-five acres 
of the farm were in corn for silage, 33 acres in pasture, 2 acres waste, 
and 1 acre for garden. Receipts from other sources than dairy cows 
were mainly from young stock. There were no receipts from crops. 


THE FARMS THAT FAILED. 


The three unprofitable farms of the ten were inefficiently organized 
and operated. Apparently these farmers depended mainly on dairy 
products for an income; but as they did not stock their farms with 
enough cows to make it worth while to spend their time at dairying, 
there could be no other result than failure. This is strikingly true of 
farm No. 8, which could not be classed as a dairy farm except on 
the ground that the four cows kept were the main source of income. 
These farms kept no regular hired laborers and a very small amount 
of extra labor was hired. 

About the only comment that can be made upon these farms is 
that the operators were wasting their opportunities. They had 
fair-sized farms, but each was operating a small-sized business. The 
quality of the cows was poor, as shown by receipts, and no doubt 
much of the milk was wasted. The usual bluegrass farm in this 
section keeps from two to eight cows to supply milk to the family 
and laborers. . It does not pay a farmer to give special attention to 
the dairy business unless there are a sufficient number of cows to 
warrant special equipment and the application of most of his time. 
He must develop and maintain a profitable market. If cream or 
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butter is sold, the skim milk and buttermilk, if not sold, should be 
utilized profitably by feeding it to hogs. 


COMPARISON OF THE SEVEN MORE SUCCESSFUL DAIRY FARMS WITH 
THE AVERAGE OF TEN. 


It may be helpful to compare the average of the seven successful 
dairy farms with the average of the whole group of ten, with respect 
to the more essential factors, as shown below: 


Average of 
Average of | the seven 
ten farms. successful 


farms. 
Distribution of crops: 
PMUEMACeISIZ COL Man aes ae cate koe) ACTER. |. 163 187 
TBs CERRO TONS RA LE ee Reg) A A eR ne A A doesn: 66 70 
1003, TBE YSH STING, AA el gs Seg) UCI UU AL a ee raloys yan 76 100 
PERC OMMOT OTANI. 2: cca ay ie ce ahaa co danas 15 10 
rman ionsuares: PU sey Us Se a ee do 13 16 
LUD GENE 20 TPR OA ea ee dovee: 13 15 
LE, THD BEG O17 Ae Aa ca Rg dower 16 20 
150, REDACTION dosace 5) 6 
emote manegis 2.00 ered eis Mee Laws 1h dole 4 3 
Distribution of live stock: 
LD SAUPS? (COMETS ee es SR i ee ane oer number. . 27 40 
Peon Oeke Peers ose SSN ces oa). faa oom dower 21 16 
"ASSIS — Ls Ges OE CR a COsaae 29 25 
S PIOTUINTSY =e 2005 sc hs a es it ce doe. 184 183 
Distribution of capital: 
MoraWcapitallmyvested 522% sags eine koe Suan Lo BID 55D $23, 622 
Ronalanoukam Capital! ooo ke ie Nd ae cy AA Saas 4,764 5, 286 
IMeemIMNanyp een en Ie. Ch tie Li a a 7il 771 
immenhmentun ive stock: = 0 Mee Ne 3, 291 3, 699 
-Chaysi 6. 1a) Taw W218 CAN ae a a ce a DR MOO 405 420 
VBE. BYE. (SUT 0) WSIS A ee a apna a eet et aoe 355 366 
Distribution of receipts: 
He See Ka POGUMCise sem Gee a LOG Nal 3, 504 4,610 
itive-stock inveutoryand sales. 32.20.2002 ee 1, 048 1, 035 
CHOTO) HELGE OURS is 2 a) Aes hie EN aR al 589 813 
Miscellaneous...... EL SALUT 120 235 
DUCHESS Te aR) Ae 5, 301 6, 693 
Profits: 
BUDE SH SUS) OSTA CON MN oe en et een tae Be Ar NOL ATE I 126 164 
PEVCTAGe amimiiNCOme saeco. ill tak ou A iE, ale) 3, 149 4, 266 
PCr Am eu aMOnIMEOMOWN. 05 Us Ole aT ema os 1,773 2, 954 
Per cent net earnings on investment +. 1... .J2).22226.4 22. 10 14 


1 Per cent net earnings is obtained by dividing the farm income (less the value of operator’s labor and 
Management) by the total farm investment. The average of operator’s labor and management on the 
ten farms as estimated by the farmer was $766; on the seven most successful, $866. 

These comparisons illustrate many of the points discussed in the 
foregoing pages relative to the successful dairy farms. For instance, 
the average successful farm had the largest business, as shown by the 
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size of farm, the number of dairy cows, and the working capital. On 
the average successful farm there were more receipts from crops and 
miscellaneous sources than were shown for the average of the ten 
farms. This indicates the greater degree of diversity on the suc- 
cessful farms. The most important comparison is that shown for 
the receipts per cow. It will be noticed that the average successful 
farm had much higher receipts per cow—$164, as compared with 
$126 on the average of the ten. 


ADDITIONAL COPIES 


OF THIS PUBLICATION MAY BE PROCURED FROM 
THE SUPERINTENDENT OF DOCUMENTS 
GOVERNMENT PRINTING OFFICE 
WASHINGTON, D. C. 


AT 
5 CENTS PER COPY 


WASHINGTON : GOVERNMENT PRINTING OFFICE : 1917 


OF CAL 


ny 


UNITED STATES DEPARTMENT OF AGRICULTURE 


¥, BULLETIN No. 519 ¥y 


Contribution from the Forest Service x 
HENRY S. GRAVES, Forester 


Washington, D.C. Vv May 5, 1917 


CROSSTIES PURCHASED AND TREATED IN 1915. 


By Artuur M. McCreicut, Office of Industrial Investigations. 


CONTENTS. 


Crossties purchased, 1915........----.-------- 1 | IBT@SCRyatiON ee. sacimecsar sesee ea eees oe oe 


CROSSTIES PURCHASED, 1915. 


Purchases of crossties were smaller in 1915 than in other years. 
The total number bought by all classes of purchasers was approxi- 
mately 121,402,611. The inquiry covered steam railroads, electric 
railways, and light, heat, and power companies. No attempt was 
made to determine the prices paid for crossties, or the number of ties 
laid in new track, or to show separately the number of hewed and 
sawed ties purchased. 

The information was obtained by the Forest Service entirely by 
means of correspondence; and the total number of ties reported by 
the purchasers of all classes who sent the information requested was 
97,106,651. The estimated total of all purchases was obtained in 
the following manner: The actual number reported by steam rail- 
roads was 88,498,655. The mileage of roads so reporting amounted 
to 78.46 per cent of the total mileage of the country. Assuming 
that the nonreporting roads made purchases in proportion to their 
mileage, or 24,295,960 ties, the total for all steam railroads amounted 
to 112,794,615. To this is added the number purchased by electric 
railways and light, heat, and power companies, or 8,607,996, and the 
grand total for 1915 is estimated to be 121,402,611. 

Table 1 shows the number of crossties purchased each year from 
1907 to 1911, and for the year 1915, classified according to kinds of 
wood and arranged in the order of number purchased during 1915. 
The smallest number of ties reported purchased for any year. since 
1907 was in 1915. The figures in the table for 1911 and previous 
years were taken from reports prepared in cooperation with the 
Bureau of the Census. Statistics were not obtained for the years 

1912, 1913, and 1914. 
88010°—Bull, 54917 
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Five kinds of wood supplied over 81 per cent of the total number 
of ties reported purchased in 1915. These were the oaks, southern 
pine, Douglas fir, cedar, and chestnut. 

While there seems to be no trend toward the use of any one species, 
more oak was reported than any other kind of wood. This is doubt- 
less due to the fact that oak has the requisite strength and hardness 
for ties and is available in many localities in large quantities. White 
oak is also desirable because of its durability, and red oak because 
satisfactory preservative treatment can be given it. Oak, including 
both red and white, supplied 49,333,881 ties, or 50.8 per cent of the 
total number Perce purchased. 

Yellow pine was second in importance, Suh cier 14,115,681 
ties, or 13.43 per cent of the total number reported: This species is 
largely used because of its availability and cheapness, and, in the 
case of longleaf pine, its durability; the strength of longleaf pine 
adds to its desirability. Shortleaf and loblolly pine do not. make 
altogether satisfactory ties, but are used largely because they are 
relatively cheap and take a satisfactory preservative treatment. 


TaBLE 1.—Numober of crossties reported purchased, 1907 to 1911 and 1915, by kinds of 


wood. 

Kind of wood. 1915 1911 1910 1909 1908 | 1907 

CASING SS ee sey aa's = 197,106,651 | 135,053,000 | 148, 231,000 | 123,751,000 | 112, 466,000 | 153, 703, 000 
Ghats sa Ce EE 49,333,881 | 59,508,000 | 68,382,000 | 57,132,000] 48,110,000 | 61,757,000 
Southern pine..---------- 14, 115, 681 | 24,265,000 | 26,264,000 | 21,385,000 | 21,530,000 | 34,215,000 
Dopplastirese os mse : 6, 950, 910 | 11,253,000 | 11,629,000 9, 067, 000 7,988,000 | 14,525,000 
Godan Seee-Peeeeasee aio 5, 122, 103 8,015, 000 7, 305, 000 6, 777, 000 8, 172, 000 8,954,000 
@hestnilineeces ees aes 4, 548, 352 7, 542, 000 7, 760, 000 6, 629, 000 8,074, 000 7, 851, 000 
Gyprass Moth ea 4,478,612 | 5,857,000] 5,396,000 | 4,589,000] 3,457,000] 6, 780, 000 
Eastern tamarack........ 2,606,794 | 4'138,000 |} 5,163,000 | 3,311,000] 4,025,000] 4/562) 000 
Western yellow pine..... 1, 402,836 | 2)696,000| 4,612,000] 6,797,000] 3,093,000 | 5,019,000 
Lodgepole pine.......---- 1,316,819 ech 2 oN aa aS a ae ee eae Ss a oH 
Western larch! 552.522 22. D250, B04 foe 8 eek SCRE ek aU AR La AR SOs ire ar op at eee a 
IBGECRYEE D2 ce msieeee ee cae 1, 173, 490 1, 109, 000 798, 000 195, 000 192, 000 52,000 
Wapleneteae sae = sees 1, 069, 547 1, 189, 000 773, 000 158, 000 L51F 000 eres Gk! 
Henilogie. osteo kh) 859,662} 3,686,000] 3,468,000] 2,642,000] 3,120,000] 2,367,000 
iGdav 000 2) a ete ck 563, 685 1, 820, 000 2, 165, 000 2,088, 000 871, 000 2; 032, 000 
MUTE oe stoned cieieis 485,466 ris 293, 000 if 621) 000 378, 000 262, 000 000 
IDINCRSeee Se eet eee ee 465, £23 I (ee | ON ees te Ce eS elon ase cecisa i loses eene eae 
AT GRheE s -o8- fled ee cs 1,361,694 | 2,682,000 | 2,895,000} 2,603,000] 3,421,000] 5,574,000 


1 Mileage of railroads reporting ties represent 78.46 per cent of total mileage. Mileage represented for 
former years not obtainable. 


Individual quantities were not given for the number of western 
larch, lodgepole pine, and birch ties reported prior to 1915. It is 
probable that the figures for western yellow pine included those of 
lodgepole pine in former years. Larch might also have been tabu- 
lated with the tamarack statistics. In 1915 the number of lodgepole 
pine and western larch ties purchased was over a million each. 

Table 2 shows the number of crossties reported purchased by the 
steam railroads, electric railways, and light, heat, and power compa- 
nies. The total number of crossties reported purchased during 1915 
by the steam railroads was 88,498,655, or 91.13 per cent of the total 
reported by all classes of purchasers. White and red oak and south- 
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ern pine furnished the greater part of these, although Douglas fir and 
cedar were reported in large quantities. 

The number of ties purchased by the electric railways and light, 
heat, and power companies amounted to 8.87 per cent of the total, a 
decrease of 281,000 ties in comparison with the number purchased 
by these companies in 1911. The greater part of those reported were 
white oak, cedar, and chestnut. Southern pine and red-oak ties were 
purchased in nearly the same quantities, while fewer birch ties than 
any other were separately reported. 


TaBLE 2.—Number of crossties reported purchased in 1915, oy classes of purchasers and 
kinds of wood. 


Steam rail- 

roads rep- | Electric 
resenting | railways, 
78.46 per jand light, 


Kind of wood. Total. cent of en- /heat, and 
tire mileage] power 
in the compa- 
United nies. 
States. 

NII Tecra 6 aha Sb SN eae ee a ys 97, 106,651 | 88, 498,655 | 8, 607,996 
Whi O28 53. 33 Sb c G8 SEE Bee SoS ee Ee ICE Ce aC Se at enema Ee eo 32, 461, 555 | 30, 160,316 | 2,301, 239 
TRG OBI atc els Sei SEE Ae Oe aoe MR Coe rst bg A ae eee saeieae 16, 872, 326 | 15,989, 605 882,721 
DLOUPMORMG DINO M see Hates ya en teem ane aata mens. oleic eae 14,115, 681 | 13, 226, 654 889, 027 
IDCWEIAS TP oe SHS S HOSE SSE Se IIE Sete RIE et ae EEE ere eA 6,950,910 | 6,308, 685 642, 225 
BUS che ee ee ee as REN ie Lea eat ae oie near nla aye aja ayare SRI 5, 122,103 | 4,121,570 | 1,000, 533 
(CHENIRG)- 633.05 SORE SES ESO SRA ae ae eta an ae eam ry ees 4,548,352 | 2,666,402 | 1,881,950 
COAVIOHOSS 5 3 Sc ie eo RAR ea Se) sa A Aad Se 4,478,612 | 4,375,012 103, 600 
PASEO TMAbAIMATA Clee pays sea se dalsaea\ mun felsetein sie sstelata ainie = olnle = ate ein Sls a Semele 2,606,794 | 2,520,475 86, 319 
RVeEStenmpye llowppine ss Olek ws) Asean Woe cy atins ok ale Sep osemasiels 1,402,836 | 1,183,535 219, 301 
MWOdSe POLE MINCE see. -\osceeencl- cee aecenacescetse Je dece cece see cel LE S16%819) P1254 490 62,399 
AWWie Ste rmblanc ibsers ap cies 2 isl een ars = sesoeyon jee aie iaiaie = wa oS wea ote rate aan 1,251,304 | 1,196,415 54,889 

1, 139, 457 34, 033 
1, 062, 086 7,461 


3,353 
1,235,477 | 126, 217 


Table 3 shows the number of crossties reported purchased by the 
steam railroads, representing 78.46 per cent of the total mileage of 
the country, classified by regions which are the same as those used 
by the Interstate Commerce Commission. 

The eastern region comprises that portion of the United States 
bounded on the west by the northern and western shores of Lake 
Michigan to Chicago, thence by a line to Peoria, thence to East St. 
Louis, and down the Mississippi River to the mouth of the Ohio 
River. It is bounded on the south by the Ohio River from its 
mouth to Parkersburg, W. Va.; thence down the Potomac River to 
its mouth. _ This region is second in size of the three regions and has 
a total of 64,491 miles of railroad. The actual mileage of the report- 
ing railroads is 43,018 miles, or 66 per cent of the total mileage of the 
region. 

The southern region is that portion of the United States bounded 
on the north by the eastern region and on the west by the Mississippi 
River. It is the smallest of the three regions and has a total of 
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49,670 miles of railroads. ‘The mileage of the reporting railroads 
was 35,830 miles, or 72 per cent of the total mileage of the region. 

The western region, which is the largest, is the remainder of the 
United States and has a total of 141,936 miles of railroads. The 
mileage of the reporting railroads is 122,432 miles, or 86 per cent of 
the total of the region. 

White oak is the predominating wood in all regions. It is very 
evenly distributed throughout them all; and the southern and eastern 
regions reported practically the same quantities. Practically all of 
the red-oak ties were reported in the western and eastern regions, the 
southern region reporting only 512,054. Southern pine is rather 
evenly distributed through all the different regions. 

Oak, Douglas fir, and southern pine meet the greater part of the 
demand in the western region, although cypress, cedar, tamarack, 
western yellow pine, and lodgepole pine are well represented. 

The eastern region draws largely upon oak, southern pine, cedar, 
and chestnut for its crossties. These four species supplied 27,681,334, 
or 92 per cent of the total number of ties purchased im this region. 
Douglas fir was purchased in small quantities, the total being 2,491 
ties. 

In the southern region, white oak, southern pine, and cypress con- 
tributed 16,096,815 ties, or 90 per cent of the total purchased in the 
region. There were reported 432 hemlock crossties and only 27 
cedar ties. Beech and maple were reported in nearly equal quantities. 


TABLE 3.—Numeber of crossties reported purchased in 1915 by steam railroads, representing 
78.46 per cent of total mileage, by regions and kinds of wood. 


Western Eastern Southern 


Kind of wood. Daval region. region. region. 

AIM GndS'.. 355 aeaos oa. Peek ee Soe es eee 88, 498, 655 | 40,650, 424 | 30,007,583 | 17,840, 648 
WiHItO 08K «os 72 Se ejects cals einige Sisla kels «eS Sees 30,160,316 | 11,227,462 | 9,336,366 9, 596, 488 
ReMtOnk eos oo skcacese saree ences ose Saabs eae aecee 15,989,605 | 5,630,237 | 9,797,314 512, 054 
HoUphern pine. 2.2 25-2 eee es oe AUS AAANEE one pe sare 13, 226,654 | 4,692,350 | 3,922,080 4,612, 224 
Douglas fir se). seeded decane Seger ee erect ete 6,308,685 | 6,306, 194 DEAT craic 
CYHPROSS sya cae Seccls aan ts he Ha ee ree a ee aS 4,375,012 | 2,467, 158 19,751 1,888, 103 
Cedar) fececcece tateecs seapee ene eee e eRe ee eee ee 4,121,570 | 2,004,822 | 2,116,721 27 
Chestnut: 22522 s.nte oS eee tee Beso sates eee 2, 666, 402 96,443 | 2,508,853 61, 103 
MAS LOMIN PATI AL ACK 2 oe arerafe eiaicls aso wi3 Nt =teicleiaet=iis glia eee 2,520,475 | 2,408, 642 UIE Sb aes er 
ILodpepole pineta. <-seetescel- serie eet sae eee os aeeace 1, 254,420) 1,254,420 |... 222-2 25.-|2 2-22 eee. ee 
IWiGSTORT LAT Chis oor nes yea tela sera te ays varets eater oleae eta 1,196, 405 uli Wd OG SAT on Seep ees | eerercsine\aietcle 
Westernvyellow pine..5 ter ear. si eis eens austen 1,183,535 | 1,145,371 3, 364 34, 800 
BeGCh . Fo seeeae naatde cant access dane antiecaeancme cee. 1, 139, 457 118, 363 648, 774 372, 320 
Mamle sec ocet assem e ae eae ces Sep ek teat 1, 062, 086 111, 400 578, 373 372,313 
Hemlock. . Sa 839, 9) 811, 822 27, 670 432 
Gum.... 485, 466 275, 741 208, 550 1,175 
Birch... 462, 462 194, 801 QETODL Me sce duke 
Redwood. - 270, 694 PAV OLED Soe eben | Pea + 
ATM ODN OTE eyo em ter mecis = ete eee ict wise pele ainas eres ictalayae 1, 235, 477 388, 089 457, 782 389, 606 


Table 4 indicates the number of crossties purchased by the various 
classes of railroads. Class I roads are those whose annual operating 
revenues are over $1,000,000; Class II, from $100,000 to $1,000,000; 
and Class III, under $100,000. The railroads in Class I represent 
183,493 miles; those in Class II and Class III represent 9,587 miles 
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and 8,200 miles respectively. The total mileage of the reporting. 


railroads in these three classes is 201,280 miles, or 78.46 per cent of 
the total mileage of the steam railroads in the United States. The 
mileage of the reporting railroads in Class I constitutes over 71 per 
cent of the entire mileage of the country. It is also over 80 per cent 
of the mileage of Class I roads. 


TaBLE 4.— Number of crossties reported purchased in 1915 by steam railroads, representing 
78.46 per cent of total mileage in all regions by classes and kinds of wood. 


Class I.— | Class IT.— | Class IIT.— 
Operating | Operating | Operating 


Kind of wood. Total. revenues, | revenues, | revenues, 
over $100,000— under 
$1,000,000. | $1,000,000. | $100,000. 
JN Tate Ole) poe eee oodeacoes seccepbencnssoeececdoee 88, 498, 655 | 81,362,505 | 3,641,978 3,494,172 
SVP OD sone os a aiming on wo ee wis = =lnlieinis = mina n= = = 30, 160,316 | 27,557,928 | 1,321, 443 1, 280, 945: 
G0) OAS see Gas SoS e econo seneBeea cae SESS 60>b aera nscale 15, 989, 605 | 15, 495, 614 166, 023 327, 968 
“STAG jee: 43) Sb oso serene] boceer Uae socsscneadcce 13, 226, 654 | 11, 697, 745 877, 836 651, 073_ 
Douglas fir....----------------------------------------- 6,308, 685 | 5,964, 527 212,991 131, 167 
OWIDFESS2 co ne pee Jelso See deeesoeee steer sekesdesosesonsc. 4,375,012 | 3,934, 789 256, 282 183, 941 
Case. (26 SLUR eee: ORS eee eee 4,121,570 | 3,672,564 202, 126 246, 880 
Cingsiitiialll. on eS5encesbcedeceunesocasoecs se eacssaeceseacs 2,666,402 | 2,323,586 117, 722 225, 094 
IDesiina Ue TAOS (Fe ARBs eee eee coca seco sdeee seeeeeeeoe 2,520,475 | 2,390,333 91, 799 38, 343 
Lodgepole pine.....--.-------- Socteece ce soasoessseeser 1, 254,420 | 1,201,347 23,340 29, 733 
\W@stiaien Ibmi@tn d= oo 556 seedeberes scoaseceosacossconsases 1,196,415 | 1,136, 944 36, 874 22, 597 
Western yellow pine. ..-....-....---------------------- 1,183,535 | 1,057, 841 10, 010 115, 684 
«URGE Den bees osbdseeSsene oh sees sce seeseeseucosasesonee 1,139,457 | 1,096, 095 15, 884 27,478 
LESTE. 0 5. LONGUS 2 Glee oe ne ee eee 1,062,086 | 1,021, 603 13,719 26, 764 
FET CrrilGc lament pe Ah ti eae UT 839, 924 650, 774 128, 475 60, 675 
Cima oh) Se SE Ie Rae eI ie aot 3 ona a 485, 466 475, 263 904 9, 299 
TENA. | a RT OSU ae Sa ese a en et 462, 462 455, 881 Gr 5870 Re. 2. Mees 
TRG ATO Le ae Og Ue Oe BOE” UE Be eee peereie Pama 270, 694 162, 184 67, 212 41, 298 
JNU CHEER. cocaeonecosnnenceceubes scouce be ssccUssuasesesE 1, 235,477 | 1,067,487 92,757 75, 233 


Tables 5, 6, and 7 show the number of crossties purchased by the 
steam railroads in the western, eastern, and southern regions of the 
country. They are tabulated according to the three classes of roads 
and the species are arranged in the order of number of ties purchased. 
TaBLE 5.— Number of crossties reported purchased in 1915 by steam railroads representing 


86.54 per cent of the mileage in the western region, by classes of railroads and kinds of 
wood. 


Class I.— | Class II.— | Class T11.— 
Operating | Operating | Operating 


Kind of wood. Total. revenues, | revenues, | revenues, 
over $100,000- under 
$1,000,000. | $1,000,000. | $100,000. 

ANID RIK ECS h boaodeseebee s+ Seeeboe ae pebedaosononde 40, 650, 424 | 37,425,087 | 1,775,397 1,449, 940 
\VIOaS ON Ite a See ae ASR AC CREDA ben oaiete 11, 227, 462 | 10,027,038 602, 737 597, 687 
TRGTOl ONE WS ara ET OES 2 nae aa Sate AE 5, 680, 237 | 5,516,065 62, 178 101, 994 
TD VOTE) TREES eae Oe aa ee 2 re EI Le oe ila oe 6,306,194 | 5,964,527 210, 500 131, 167 
MouUuherm pine wens foots el. Bee eee no eeiseeee 4,692,350 | 4,345,555 176, 836 169, 959 
ON DRESS ME eee Pas kanes ete he mei 2,467,158 | 2,303,909 148, 352 14, 897 
ASCE Iba AraC Oke. ae Key ited Ba Ds AR e Lea 2,408,642 | 2,334, 141 46,346 28, 155 
COOP OE ASS Jae oe ees a ie Sane ere RSE aC HE aie 2,004,822 | 1,716,987 191, 099 96, 736 
MOS OMOLENP IMO! Ss fees seek we Sa EEE aS 1, 254,420 | 1,201,347 23,340 29, 733 
iWiestermlanchy sss son ee See lm oo ek 1,196,415 | 1,136,944 36, 874 22, 597 
Western yellow pine. ...-. Fee ene oa SE oe Scrape ----| 1,145,371 | 1,057,841 10, 010 77, 520 
TS eran yeh ec Ss SS Sate RN pe LE ee 811, 822 633, 277 121, 686 56, 859 
CHOI sO 6 BABS EE SARS RCS AOE aCe et Ma 275, 741 267, 563 704 7, 474 
PELE OO Gye ee Nae aa et ey Oe aed a ee a 270, 694 162, 184 67, 212 41, 298 
TREITGL Ds ge aE ee aE Pa na 194, 801 LOAN SOS, | isco ae AS Ae 
IBeechiseetene ce cpracacee wees Sole cota iets oi 118, 363 OPER eoeasaeacoes 6, 000 
TUTTO ede RS la CAC kat 111, 400 103, 417 1,137 6, 846 
RO EES UATE eee Nessie Melee BURL D oH, Vengh SN vg Dee a 96, 443 poe ih Sea eh 3, 499 


AGAR HE MANET SES NE 8 COE REC Se nan COE 388,089 | 354,184 76, 386 57,519 
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TABLE 6.—Number of crossties reported purchased in 1915 by steam railroads representing 
66.24 per cent of the mileage in the eastern region, by classes of railroads and kinds of 
wood, 


eee I— yes II.— | Class ITI.— 
: perating perating | Operatin 
Kind of wood. Total. revenues, | revenues, Caan! 
over $100,000- under 
$1,000,000. | $1,000,000. | $100,000. 


ATMS .aicdeseeke eine: taba nese wlaqscete et 30, 007, 583 | 28,365, 491 615, 807 1, 026, 285 
(HGR Get eice a 54154506 SUee Sasa Samu aanensepasase5A- 9,797,314 | 9,511,011 77, 926 208, 377 
White oak.....- Sad adeceppis Sameitecserciectenseeh ieee tee 9, 336, 366 | 8, 810, 429 308, 817 221, 120 
BoUthernlp me! nace sabe lc aeee want ec omer Ske 3,922,080 | 3,727,961 22,315 171, 804 
GGG) 0i Canoe Aas opin ABS EOuAD Oe HEADS ay aoea ee Ieee 2,508,853 | 2, 201, 641 102, 198 205, 014 
Godan: Saihs2e5 O10 a. RESUS Re eae ie ee oe 2,116,721 | 1,955,577 11,000 150, 144 
IBGGGEn. Sees. Sato SVU Neen CRE Nn Ye cette 648, 774 613, 016 15,780 19, 978 
Ma GIS: toes th gna ee ola eee Ree Ren neat eee 578,373 |* 547,471 12, 582 18, 320 
IBIEG Be Sees 32 A este mee eiatet oer tle oe ee eae eee eons 267, 661 261, 080 Grou Case lS 
Gin> . Bs 5 oSte es sse cee su cee csemne pees eeneeeouse sees 208, 550 20s (00 Beene tee 850 
IDS ich (Gin edicten sone ss dOSsoesceaeeonsac spose cc 111, 833 56, 192 45, 453 10, 188 
Herlocke. 22228 tea eee peti eee Oe eae eee eee 27,670 17, 497 6, 789 3, 384 
O57 UNS... Saotigsades sboSeeal assoevo gia soaadcbemaseosb sar 19, 751 TES 108) Neceeccooande 4, 988 
Western yellow pine. ..-.-- 22-2 - = fone ene nae By Bapesaasecobl ts soca sce 3, 364 
DMonclasihir.2 essa sas Rees See a ee QAO seins eee s ree ee ee 
WMO GHErEE 22 tet enss eee ene ae ease ee ete eee eatin 457, 782 441, 153 7,875 8, 754 


TaBLE 7.—Number of crossties reported purchased in 1915 by steam railroads representing 
72.13 per cent of the mileage in the southern region, by classes of railroads and kinds of 
wood. 


Class I.— | Class IT.— | Class III.— 
Operating | Operating | Operating 
Kind of wood. Total. revenues, | revenues, | revenues, 
Over $100,000- under 
$1,000,000. | $1,000,000. | $100,000. 


IN cin dS = eet ec ee etme eS ee 17,840, 648 | 15,571,927 | 1,250,774 | 1,017,947 
\MD Cees cosa se cSsad sone ee osoedatercasboscseedosc 9,596,488 | 8, 720, 461 413, 889 462, 138 
SOUPHErH pine see ee aes eee oe eee eee eee ere 4,612,224 | 3,624,229 678, 685 309, 310 
CADE Aes es osdeen SSS o Sh doeebe oe ssbeceeebscesese- 1,888,103 | 1,616,117 107, 930 164, 056 
BURR oe SB oerecpeseecs seu geas shotbac sb o<boec cece 512, 054 468, 538 25, 919 17, 597 
BGdi. -5-spobesbeokec dab ab Sees socassouresescedcocon: 372, 320 370, 716 104 1, 500- 
Ma plane sh 3b ee Se Sec ee eeontne Qegs ppm tee ae 372, 313 S70e 715A a cev ene en 1,598 
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PRESERVATION. 


The deterioration of crossties in the United States by preventable 
decay uses up a great deal of timber. By adopting methods of 
preventing decay and using devices which retard wear, the quantity 
of wood consumed annually for this purpose could be greatly 
decreased. 

There are many different causes of deterioration which necessitate 
the renewal of ties, the principal ones being decay, mechanical wear, 
breakage, insect attack, splitting, etc. In recent years the railroads” 
have been prolonging the life of their ties by the use of preservatives, 
principally zine chloride and creosote oils. By these means a number 
of species have been made available for ties which heretofore were 


CROSSTIES PURCHASED, AND TREATED IN 1915, ui 


unfitted for this purpose because they did not have the proper decay- 
resisting qualities or immunity from insect attacks. Such treatment 
is often economical even with the woods that are more or less durable, 
the added life in service more than paying for the increase in the first 
cost. 

Most of the crossties treated by the steam railroads in the United 
States are treated in closed cylinders permitting the application of a 
high pressure and designed to secure a heavy absorption of the 
preservative. 

The schedules furnished to the steam and electric railroads did not 
request information as to the number of ties treated in 1915, but the 
Forest Service gathered statistics for this year from all of the treating 
plants in the United States. Table 8 shows the number of ties 
treated by the preserving plants during 1915, by kinds of preservatives 
and kinds of wood. 


TaBLE 8.—Number of crossties treated by preserving plants during 1915, by kinds of 
preservatives and kinds of wood. 
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1 Includes lodgepole pine and western yellow pine. 2 Includes western larch. 


Since railroads often purchase large quantities of ties in one cal- 
endar year which do not receive preservative treatment until one or 
more years following, it is impossible to harmonize the data showing 
purchases with those showing preservative treatment. Further- 
more, some treated ties Popeied in Table 8 may have been DoE 
lagen by those roads which failed to report.: 

The treating plants reported a total of 37,085,585 crossties treated 
in 1915, which is about 38 per cent of the total number of ties reported 
purchased during that year. Of the total number of ties treated in 
1915, 25,831,204 were hewed ties and 11,254,381 were sawed ties. 

Oak ties were treated in larger numbers than any other species, 
contributing about 45 per cent of the total number treated. Southern 
pine was second in importance, constituting about 23 per cent of the 
total treated. Other species reported treated were Douglas fir, 
beech, western pine, tamarack, gum, birch, elm, and maple. There 
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were also treated a few miscellaneous ‘ties, chiefly cypress, ash, syca- 
more, locust, and hickory. 

Zine chloride was the principal preservative used. Large quanti- 
ties of creosote were also consumed in the treatment of ties. Zine 
chloride and creosote in combination treated 2,182,712 ties, of which 
over 50 per cent were oak. The miscellaneous preservatives were 
used principally for Douglas fir and tamarack. 

In treating ties with zine chloride the average injection of the pre- 
servative was 0.5 pound per cubic foot, while with creosote oil the — 
average quantity used was 8.5 pounds per cubic foot. 

The practice of treating wood has increased because of the eco- 
nomic necessity of less frequent renewals of timber subject to decay. 
Prior to 1900 the wood-preserving industry developed slowly, and 
only during the last 10 or 15 years has it gained a permanent foot- 
hold in the United States. From a total of 12 plants in 1900 the 
industry has grown until at the present time there are 128 plants in 
commercial operation. Of this number 95 are pressure plants, 27 
are nonpressure plants, and 6 are equipped for both pressure and 
nonpressure treatment. The industry in this country has been built 
up largely on crossties and other railroad material. Of the total 
quantity of 141,858,963 cubic feet of material of all kinds treated 
with preservatives in 1915, a little more than 78 per cent was crossties. 

The number of ties treated each year, beginning with 1909, is 
shown in Table 9, together with the quantity of ties reported pur- 
chased. 


TaBLE No. 9.—Number of crossties reported purchased and treated, by years. 


Reported Reported 
purchased. treated. 


1909 | 123,751,000 | 20,693,013 
1910 | 148/231,000 | 26,155,677 
1911 | 135,053,000 | 28,3947 140 
1 32, 394, 336 

1913 (1) 40, 260, 416 
(1) 43, 846, 987 

1915 97,106,651 | 37,085,585 


1 Statistics for these years not obtained. 
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INTRODUCTION. 


Of the grape pests of the Erie-Chautauqua grape belt none is more 
baffling to control or more discouraging to the vineyardist than the 
srape-berry moth (Polychrosis viteana Clem.) (Pl. I). Owing to its 
direct attack upon the fruit, its ravages are felt at once wherever it is 
present in destructive numbers. It is very erratic in its occurrence, 
both locally and seasonally. In some years it may be practically 
absent from the majority of the vineyards of the belt, whereas in 
other years it is often not only the pest of first importance, but its 
ravages exceed those of all other pests combined. 

To establish means of control for this pest experiments were con- 
ducted at North East, Pa., during the seasons of 1914, 1915, and 1916.1 


1 This investigation was conducted under the direction of Dr. A. L. Quaintance, Entomologist in Charge 
of Deciduous Fruit Insect Investigations of the Bureau of Entomology. At the outset the work was 
greatly facilitated by the temporary association of Mr. Fred Johnson, formerly of this bureau, who 
placed at the writer’s service his extended knowledge of grape insects and conditions in the Erie-Chau- 
tauqua grape region. The writer was assisted during the seasons of 1914 and 1915 by Mr. E. R. Selkregg 
and in 1916 by Mr. James K. Primm. Parallel with the experiments for direct control of the grape-berry 
moth, a study of its parasites was made by Mr. R. A. Cushman, from whom valuable cooperation was 
received. To these gentlemen and the Eonar ais vineyardists the writer wishes to express his appre- 
ciation for numerous courtesies. 


Note.—This bulletin will be of interest e grape raisers in New York, Pennsylvania, Michigan, aad Ohio. 
87069°—Bull. 550—17——1 ae 
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The results of these experiments constitute the chief subject matter 
of this bulletin. Only such biological data as are necessary as a 
basis for the remedial work are included. Various control measures 
which have been employed are given place in the earlier part of the 
paper, but chief attention is devoted to spraying, which has proved 
to be the most effective means of control. 


FOOD PLANT. 


The grape, as far as is known, is the only food plant of the larva 
of the grape-berry moth, and since the larve usually feed upon the 
grape berry, it is from this habit that its common name is derived. 
Before the berries are developed, the few early larve feed in the 
blossom clusters. In confinement larve may feed sparingly on grape 


leaves and stems. 
DISTRIBUTION. 


The distribution of the grape-berry moth extends throughout the 
United States from east of the Great Plains to the Atlantic, and 
from the southern portion of the Canadian Province of Ontario to 
the Gulf of Mexico. The States from which it has been recorded in 
publications and in unpublished files of the Bureau of Entomology 
are as follows: Massachusetts, Connecticut, New York, New Jersey, 
Pennsylvania, Delaware, Maryland, Ohio, Indiana, Illinois, Wiscon- 
sin, Michigan, Missouri,’ lowa, Nebraska, Kansas, Virginia, South 
Carolina, Florida, Alabama, Kentucky, Louisiana, Arkansas, and 
Texas. Most frequent complaints of its destructiveness have come 
to the Bureau of Entomology from New York, Pennsylvania, New 
Jersey, and Ohio. 

ECONOMIC STATUS. 


The grape-berry moth is a major grape pest in the eastern United 
States, on the whole probably being exceeded in destructiveness by 
the grape rootworm (Fidia wmticda Walsh) and the grape leaf- 
hopper (Typhlocyba comes Say). However, its exact status as a 
pest is uncertain. In some grape-growing regions, within the limits 
of distribution, its presence is ignored or even unknown to the 
growers. It is exceedingly erratic and local in occurrence, and the 
damage which it inflicts varies greatly from year to year. The his- 
tory of the grape-berry moth in the Erie-Chautauqua grape belt is 
an example of this variation. In the western part of the grape belt, 
in Pennsylvania, during the season of 1916 this insect was by far the 
most destructive grape pest; in the eastern part of the grape belt, in 
New York, it was not generally regarded seriously, yet Slingerland 
in 1904 reported it as very destructive throughout all of this region, 
particularly near Brocton, N. Y., where in one vineyard as high as 
90 per cent of the fruit was ruined. 
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The extensive grape regions of Michigan have been the source of 
very few complaints of loss due to the grape-berry moth. In the 
summer of 1915 the writer visited many vineyards in the vicinity of 
Benton Harbor, St. Joseph, Paw Paw, and Lawton, Mich., and found 
the berry moth present in practically all of them, although usually 
in small numbers. Its destructiveness in this region is obscured by 
the greater and more consistent injury by the black-rot fungus, and 
probably injury by the grape-berry moth is often attributed to the 
black-rot fungus. In contrast to this, in the Ohio grape regions it 
has been consistently destructive and the leading grape pest for years. 
Even in a region where the grape-berry moth is a recognized pest 
it is by no means consistent in occurrence, and may be erratic and 
local even within a vineyard. In the vicinity of North East, Pa., 
in the western part of the Hrie-Chautauqua grape belt, in most sea- 
sons fully half of the vineyards are practically free from it. In others 
the outside rows, ends of rows, or irregular spots are heavily infested, 
while the rest is practically free. Yet there are many vineyards that 
annually sustain the loss of from one-fourth to one-half the crop. 


DESTRUCTIVENESS WITHIN A VINEYARD. 


The destructiveness of the grape-berry moth is underestimated 
ereatly even in vineyards where it is recognized as the chief pest, and 
where the infestation is light it is usually ignored. This is due to the 
fact that ‘““wormy” grapes, unless very heavily infested, will bring 
a price comparatively near the standard price, seldom with a reduc- 
tion of more than 10 percent. Hven when the infestation approaches 
total, the price may be much nearer to the standard for grapes than 
the price for cider apples is to the standard price for apples. Because 
of this the vineyardist is apt to consider the reduction in price as the 
chief loss and largely disregard what may be a greater charge against 
the berry moth—the reduction in weight. 

The berries infested by first-brood larve (see Pl. I, fig. 1) are 
totally lost, although if they are destroyed very early in the season 
this loss may be partially offset by increased weight in the rest. of 
the cluster. Those infested by the second brood (see Pl. I, fig. 2), 
which the larve have left or in which the larve are well grown, lose 
weight rapidly; by the end of the season they are little more than 
dry shells and have but a fraction of their former weight (PI. IU, 
fig. 1). This loss varies greatly, depending upon the time when the 
berries are infested and upon the time of harvest. 

“Wormy” grapes are of course largely excluded from the market 
for basket grapes, for unfermented juice, and for some wines, unless 
all of the “‘wormy” berries are trimmed out. This exclusion from 
certain markets may in certain years represent a considerable loss. 
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If the infested berries are trimmed out of the clusters the loss of their 
weight is total in addition to the cost of trimming. 


While the berry moth is not as generally destructive as the grape 
rootworm or grape leafhopper, it is capable of inflicting greater losses 
than either to a single season’s crop, and neither of these pests will 
appear in destructive numbers with such alarming rapidity in a vine- 
yard which has been apparently free from them as will the grape- 
berry moth. When it is present at all in a vineyard it always causes 
a loss in weight and is a constant menace to the grape industry in 
that vicinity. 


SUMMARY OF SEASONAL HISTORY AND HABITS.! 


Before considering control measures, a summary of the seasonal 
history and habits upon which these measures are based will be given. 

There are two broods of the grape-berry moth that must receive 
economic consideration. The first brood, resulting from the hiber- 
nating generation, is comparatively small, owing to high winter mor- 
tality of the pupz. The earliest recorded emergence of moths is 
May 29 and the latest July 26; however, the bulk of the emergence 
begins between the 10th and the 25th of_ June, varying with the sea- 
son, and usually is ended within 3 weeks. Within 4 to 6 days after 
emergence the moths (PI. I, figs. 4, 5) begin depositing eggs, preferably 
ongrape berries. Incubation requires about 6 days. Thus the hatch- 
ing period of large numbers of larve begins from June 20 to July 5, 
depending upon the season, and continues for about 3 weeks. 

The beginning.of this period is almost coincident with the falling of 
the grape blossoms and the setting of the fruit. The larval feeding 
period averages 23 days, after which the larvee (PI. I, fig. 1) spin 
cocoons in leaves on the vine, and in an average of 13 days emerge as 
moths. Some pupz (PI. I, fig. 3), however, do not transform at this 
time but remain in the cocoon (PI. I, fig. 2) until the following spring. 

The earliest recorded emergence of summer-brood moths is July 12 
and the latest is after the middle of September. A heavy emergence 
of moths begins in a normal season in the latter part of July, and in 
backward seasons may continue as late as the earlier part of Septem- 
ber. Although the second brood is only a partial one, it is by far the 
more numerous and destructive. It may escape serious attention 
from the vineyardists until shortly before harvest, when the well- 
grown larve begin to leave the berries they first attacked and to 
enter others. 

The development of this brood is slower than that of the first. In 
anormal season the larve are cocooning in large numbers by the lat- 
ter part of September and by the middle of October most of them 


1 This summary is based on the life-history studies of the grape-berry moth by Johnson and Hammar, 
and studies by the writer and his associates, the details of which have not yet been published. 
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THE GRAPE-BERRY MOTH (POLYCHROSIS VITEANA). 


Fig. 1.—Larva. Fic. 2.—Pupa (ventral aspect) in cocoon. Fic. 3.—Pupa (dorsal aspect). Fies. 
4,5.—Adult. All greatly enlarged. (Original.) 
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have left the berries. However, in the very late autumn of 1915 the 
majority of the larve did not leave the berries until after October 25. 

Winter is passed in a cocoon, usually spun in a decayed grape leaf 
under the trellis. (Pl. II, fig. 2.) 


FEEDING HABITS OF LARVA. 


The very few early larve which hatch before the grape blossoms 
fall feed in the blossom cluster. But most of them, coming after the 
erapes are set, eat at once into the berry, causing the characteristic 
purple spotting and cracking of grape berries. 

The point of entrance may be anywhere on the surface of the 
grape berry, but before the berries touch, about half of the larve 
enter around the stem attachment. Of 500 infested berries counted 
on July 14, 1916, about 12 days after setting of grapes, 266 were 
entered at the stem end and the other 234 from other parts of the 
erape berry. After the grape berries reach the stage of growth 
where they begin touching, the point of contact becomes the most 
common place of entrance. 

The early larvee, which hatch when the grape berries are still small, 
destroy many more berries than do larve which hatch after the grapes 


are larger. / 
FLIGHT OF MOTHS. 


The distance which moths of this species may fly in large numbers 
is uncertain, but as a rule the spread of infestation is slow. In one 
instance serious infestation advanced from a heavily infested vine- 
yard into an adjacent young vineyard not more than 100 or 120 feet 
distant. In this vineyard there could have been no previous infes- 
tation, as it had just come into bearing. Some infested berries were 
found 350 feet from the older vineyard, but very few. On the other 
hand, the following season a vineyard about 1,100 feet wide, newly in 
bearing, was traversed and infested heavily by a single generation. 
The spreading of infestation probably is much influenced by weather 
conditions at the time of the flight of moths. While it may be slow 
ordinarily, no vineyard is immune from rapid infestation in a vicinity 
where the berry moth is present. 


HISTORY OF CONTROL METHODS. 


Measures to control the grape-berry moth, since its appearance as 
an economic pest, have developed gradually from many sources. 
The first considerable advance toward a solution of the problem, 
however, was.made by the biological and systematic studies of 
Slngerland (9)' and Kearfott (8) in which they definitely de- 
termined the limits of the species and the fact that the grape was 
its only food plant; and by Slingerland’s field experiments, which 


1 Reterence is made by number to “‘ Literature cited,” p. 42. — 
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were the first in which spraying was attempted as a primary means 
of reducing its destructiveness. 

Gathering and burning grape leaves in the fall, to destroy the hiber- 
nating insects, was recommended first by Walsh and Riley (1). | 
This recommendation remained in good standing until it was ques- 
tioned by Webster (5), because he was unable to rear any moths from 
collected leaves, and since that time it has appeared less frequently. 
Shngerland recognized the general futility of this practice and 
termed it ‘‘the least effective measure.”’ 

The bagging of clusters to prevent infestation was first recommended 
by Lintner (2). 

Picking and destroying infested fruit was recommended by Bogue 
(6) in a general way. Slingerland (9) recommended the picking 
of grape berries infested by first-brood larve and also advised the 
destruction of the ‘‘trimmings.”’ . 

Burying the hibernating pup by plowing was also first suggested 
by Slingerland (9). 

Marlatt (3) first recommended spraying, but did so doubtfully, for 
at that time the berry moth was regarded as a general: feeder. 
Following this both Beach (4) and Bogue (6) disparaged spray- 
ing as “‘of little value.”’ Webster (5), however, observed that the 
pest could be controlled by spraying, and Felt (7) reported, as 
an incidental to rootworm control, that spraying had reduced the 
berry-moth infestation 50 per cent. 

Shngerland’s work, mentioned above, was followed by a number of 
important contributions. Gossard and Houser (11), im Ohio, 
recommended the addition of soap to an arsenical spray and the use 
of ‘‘trailers’’ in applying it. A thorough life-history study, the first | 
upon which a satisfactory spray schedule could be based, was made 
by Johnson and Hammar (16) and a combination of control 
measures was recommended. Goodwm (19), m Ohio, recorded 
satisfactory results by spraying, using 3 pounds of arsenate of lead 
(powdered) to 50 gallons of liquid, an adhesive, and an application 
with ‘‘trailers.”” His spray schedule differed from the preceding by 
being directed largely against the second-brood larve. 


CONTROL EXPERIMENTS AT NORTH EAST, PA. 


Ixperiments to establish a control for the grape-berry moth, con- 
ducted at North East, Pa., were carried on in vineyards on a com- 
mercial scale whenever possible. Vineyards chosen for experimental 
work were those which had been infested heavily the previous season 
and as far as possible those in which the infestation had been dis- 
tributed rather evenly. 

To determine the degree of success of the different methods tried 
in vineyards, whenever it was feasible, counts were made of the sound 
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and infested berries in the different experimental plats and in the 
adjacent untreated check plats. Counts of infested berries in each 
of the different plats were made the first season from four 40-pound 
crates of harvested fruit. In all plats in a single vineyard, the crates 
were taken from the same relative positions. During the following 
seasons a count was made from all of the fruit from 12 to 25 vines. 
These vines were taken at intervals throughout the length of each 


_ plat so as to include all conditions, and in the same relative positions 


in all plats in the same Vineyard. 


ELIMINATING VINEYARD CONDITIONS FAVORABLE TO THE GRAPE-BERRY MOTH. 


WINTER EXPOSURE. 


Protected situations in vineyards, along hedgerows, fences, or 
woodlots, and low-lying spots, are invariably more heavily infested by 
the berry moth than are the less protected portions of the same vine- 
yard. On the other hand, exposed knolls seldom are infested heavily. 
This variability in infestation, according to Johnson and Hammar, 
is due to protection afforded to hibernating insects and the conse- 
quent reduction of winter mortality. Goodwin attributed the heavier 
infestation in low-lying spots to washing of cocoons in winter. 
Observations by the writer confirmed both these conclusions and 
also indicated that wind at the time of flight of moths is a factor, 
as moths drift with the wind into these low-lying spots. 

Of these factors causmg heavy infestation, one at least, winter 
protection in a vineyard, can be regulated more or less by artificial 
means. The importance of this factor was tested during the winter 
of 1915-16. 

Different lots of cocoons, collected in the fall of 1915, were placed 


in cylindrical baskets of 20-inch wire mesh and wintered in vine- 


yards in protected and in exposed situations, and also in the insectary 
yard under a covering of leaves held in place by wire screen. To 
forestall accidents each lot was divided into two baskets. In May, 
1916, the cocoons were removed and placed in rearing jars. Table 
1 shows the effect of the different conditions upon mortality: 


TABLE 1.—Percentage of emergence of the grape-berry moth hibernating in exposed and 
m protected situations. 


Number | Number Dates 
Lot No. Situation. of of moths = 
cocoons. | emerged. 


Per cent. 
i In vineyard, naturally exposed; crest of windswept knoll... 350 5. 71 
Tl, In vineyard, naturally protected by brush and drifted snow. . 350 86 24, 05 
Iii. In vineyard, artificially protected by covering with 2 inches 


OY OES ST ai Be a SA a mae eA a Ae Ue a 150 45 30. 00 
Iv. In insectary yard, artificially protected under “leaf blanket’’. 350 154 44. 00 


) 
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The rearing records show clearly the value of winter exposure in a 


vineyard in reducing the number of moths ‘that will be present the 
following season. 

A comparison of Lot III with Lot I shows how plowing, if inju- 
diciously practiced, may increase vineyard infestation. If a furrow 
is thrown up to the vines in late fall, after the larve have spun their 
cocoons under the vines, it will give the hibernating pupx winter 
protection. And if the earth is plowed away before the time of 
moth emergence, these artificially protected insects are released. 

It is obvious that the protection of hibernating pup should be 
avoided whenever practicable. Plowmg to the vines in late fall 


after harvest should be avoided as far as possible. Hedge rows and 


brush along vineyards should be removed. This last comcides with 
good vineyard practice and is of value also in reducing danger of leaf- 
hopper injury. 


UNNECESSARY SHADE. 


Shade in a vineyard favors the berry moth. Where the growth is 
vigorous and the foliage dense, or where vines have been trained so 
as to give an unusual amount of shade, the infestation invariably is 
heavier than in adjacent parts of the vineyard or in vines giving less 
shade. Vigorous growth is desired, of course, but when horticultural 
considerations do not prevent, vine training systems which give 
unusual shade should be avoided. 


DESTRUCTION OF LEAVES IN FALL. 


Destruction of the hibernating generation in the cocoon, the first 
control measure to be recommended, was tried in the fall of 1914. 
an a small block in the McDonald vineyard the writer attempted 
removing cocoons by raking out the leaves under the trellis. Upon 
examination of the leaves thus collected it was found that practically 
all of the cocoons had fallen out. In the following season when 
counts of berries infested by first-brood larvz were made no difference 
between this block and the check was noted. 

During the seasons of 1914, 1915, and 1916 the writer and his 
associates collected approximately 30,000 cocoons for rearing. No 
system could be devised to aid in collecting these cocoons and the 
work was necessarily done by hand. It was always a slow and 
tedious process and is impracticable as a means of control, since the 
cocoons are usually spun, except in very dry seasons, in leaves that 
are sodden and ready to fall apart, and not in fresh, crisp leaves. 
Frequently the cocoons are spun in the leafage of chickweed and 
sorre! and in other leaves which ordinarily would escape collection. 


a 
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BAGGING GRAPE CLUSTERS. 


The bagging of grapes immediately after the setting of fruit, to 
prevent infestation by the berry moth, was tried in the season of 1914 
in the vineyard of the late Mr. J. L. Spofford. Clusters on 25 vines 
were covered with paper bags, 2 and 3 pound sizes. The bags were 
fastened on the clusters with long pins and a slit was cut in the 
bottom of each bag to drain out whatever water might collect. 

The experiment was successful in so far as exclusion of the moth 
was concerned. Only 20 wormy berries were found in 100 clusters 
which averaged 32 berries to the cluster. This was a total infestation 
of only 0.62 per cent. However, the test was not severe, for the 
infestation of the grapes on the surrounding vines was light, being 
only 13.2 per cent. The infestation of the bagged clusters was due 
no doubt to oviposition which had taken place before the bags had 
been placed on the clusters. 

The cost of bagging, however, is prohibitive in commercial vine- 
yards in the Erie-Chautauqua grape region. Brooks (10) records, 
in control measures against the grape curculio, that one laborer in 
his employ could bag 1,200 clusters a day. This was probably 
exceptionally fast work. Using this as a basis and figuring 550 
vines per acre, each bearing 40 clusters, or a total of 22,000 clusters, 
the minimum cost of bagging an acre ai orapes, noteeliie to 1914 
prices, would be as follows: 


Rams PEO MDL Res esa TUE ee uD RIS AM Se thse ace wile aS Sele Wigie aiepe cycie Sars $22.91 
acaremapaecep i a per essence nae s Ya mmmmiutern See kat RePEc Bos RN ow ues 25.30 
Estas HOMO NPE GL BOOO! ONS tS S COT ES eee te OO ee OE 2.20 

SURE Ss SEAS Sc ce a A RC em UE 50. 41 


This method of control, if followed at all, would be practicable only 
in a garden vineyard. 
HAND PICKING INFESTED BERRIES. 


Attempts to control the grape-berry moth by hand picking the 
fruit infested by first-generation larve, in order to prevent subsequent 
infestation, were made in the seasons of 1914 and 1915. Clear-cut 
comparisons between the hand-picked plats and the checks were 
impossible because of the flight of moths from one row to another. 


EXPERIMENT IN ADAMS AND GinL VINEYARD or Norru Hast, Pa., 1914. 


The plat chosen for the hand-picking experiment was a narrow strip 
of eight rows, containing slightly more than 1 acre, located in a 
corner of the vineyard, and bordered by a hedgerow. ‘This plat was 
from three to four times as grossly infested as was the greater part of 
the vineyard. After the six rows nearest the hedge, the percentage of 
infestation declined quite rapidly as compared with that of the rest 
of the vineyard, and the south end, which was lower than the rest of the 
plat, was even more heavily infested than the rows next to the hedge. 
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Hand picking of wormy fruit was done July 7 and 8 and again 
between July 25 and August 1. The time of the first picking occurred 
about 10 days after the falling of the blossoms. The actual time 
expended in this work was 35.5 hours for the two men employed, or a 
total of 71 hours. The second picking, which was more or less inter- 
rupted by rain, developed that about 12 per cent of the berries were 
wormy. 

The counts of wormy berries taken at harvest time showed the 


following percentages of infestation: 
South end. North end. 


Per cent. Per cent. 
Hand-picked plati. 2." W220. oF soe 2 NS 84.4 24.9 
Ohecle. oJ HSU. Jee oe Ost, LO Pee SSE ee eee 68.2 25.3 


This shows as a curious result that the hand-picked area was more 
heavily infested than the check, probably owing to the flight from 
the vineyard at large of moths which settled in this narrow protected 
area. 

EXPERIMENT IN MoorHEAD VINEYARD, MoORHEADVILLE, PA., 1914. 


A plat of 16 rows, 2 acres in area, was chosen in the middle of the 
vineyard of the late R. E. Moorhead. The infestation was com- 
paratively uniform throughout. Hand picking of infested fruit was 
done three times, July 2 and 3, again from July 17 to 21, and again 
from August 10 to 15. The total time occupied in treating the 2 
acres was 55 hours, or 274 hours per acre. 

Counts of infested berries from four crates of grapes from the hand- 
picked plat were made and the same from the check plat. The 
following shows the percentage of infestation: 


Hand picked, 5:2... p4.64-- ac) base eee Dias: cae he oc 14.7 per cent. 
Check. «22 oso nice 3 se etomin Sp ppl oes Eee eee ae 27.4 per cent. 


EXPERIMENT IN THE McDonatp VineyArD, Nortu Hast, Pa., 1915. 


The heavily infested ends of 12 rows of a vineyard section adjoining 
a woodlot were chosen for this experiment. The picked area extended 
along the rows about 70 feet. The plat was picked over once, August 
5 and 6, requiring a total of 22 hours’ work for approximately 
one-fifth of an acre. 

Counts taken just before harvest from representative vines in the 
hand-picked plat and in the check plat showed the following results: 


TABLE 2.—Counts in hand-picking experiment, McDonald vineyard, North East, Pa., 1915. 


Infested 

berries 
berries. er 100 
clusters. 


Plat. Number Nua ber Ronee Infested 


of vines. 


clusters. | berries. 


Per cent. 
Mand picked sits SEfbth 2 eet Sate 12 520 13, 664 2, 592 498.4 18.12 
a 11 ia pe le i aia ie RRS Sa AU ay 12 546 16, 513 6, 162 1,136.6 34.93 
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A plat of 22 rows, comprising nearly 3 acres, part of which had been 
hand picked in the experiment in 1914, was chosen for experimental 
work. No difference in infestation was shown in the two parts 
of this plat, probably because the effect of the work of the previous 
season had been obscured by the flight of moths from one part to 
another. However, the cumulative results probably were of con- 
siderable value, as the infestation in this section of the vineyard was 
much lighter than it had been the previous season, while the infesta- 
tion of the vineyard as a whole was about the same. 

The plat was hand picked only once for infested berries, between 
July 30 and August 5, the time required being lengthened by rain. 
The actual labor required was 43 hours. 

Counts taken just before harvest on 12 representative vines in the 
hand-picked plat and in the check plat showed the following results: 


TABLE 3.—Counts in hand-picking experiment, Moorhead vineyard, North East, Pa., 1915. 


Infested. 
Plat. Number Aluuieer uber Infested | berries | Infesta- 
of vines. diwiens. | hemes. berries. | per 100 tion. 


clusters. 


Per cent. 
(evo Guprekedae scne= 2/4208 Soe ccs oo eos clon 12 408 11, 793 945 242.3 8.01 
(ClntOk a Sk Joie SR eee Se ene ea ae eas 12 360 11, 793 1,677 465.8 14. 22 


DISCUSSION. 


An average, from the different experimental plats, of the time re- 
quired to hand pick the “‘wormy”’ berries in an acre of grapes was 
55.75 hours. At 124 cents per hour the cost per acre would be $6.97. 

This method, hand picking wormy berries, was employed in a num- 
ber of vineyards by the owners during the seasons of 1914 and 1915 
and as a rule the beneficial results were not readily apparent. In 
several instances the value of the work was reduced by picking the 
berries after most of the ‘‘worms”’ had left the grapes, and in others 
by inefficient laborers who missed a large percentage of the ‘‘wormy”’ 
berries. In some cases the infestation probably was considerably 
reduced and in one instance apparently successful control resulted. 
In this vineyard the infestation was restricted to a narrow strip com- 
prising a few rows which were hand picked by the owner himself 
about once a week. 

From the experiments and observations of the two seasons, hand 
picking of ‘‘wormy’’ berries could be relied upon to reduce berry- 
moth infestation but not to control it. The difficulty of securing 
ample and efficient labor at a time when it is needed stands in the 
way of adopting hand picking as a general method of repression, and 
the ultimate cost is thus too high when only partial control may be 
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expected. It might be of use in a garden vineyard or in a commer- 
cial vineyard bat only a small area is infested, but on the whole it 
can not be regarded asa satisfactory remedial measure. 


EARLY HARVESTING. 


Early harvesting of grapes and removal of the ‘‘trimmings”’ re- 
move great numbers of berry-moth larvee which otherwise would be 
left to overwinter in the vineyard. This practice is limited, for the 
grape harvest usually continues long after a majority of the berry- 
moth larve have cocooned. However, it should be applied to the 
worst infested areas in the vineyard. 

The degree of reduction of hibernating pupz by comparatively 
early harvesting is best shown by counting cocoons under vines. 
During the harvest of 1915, which was an extremely late season, one © 
part of the edge of a vineyard, where the infestation was approxi- 
mately 50 per cent, was picked October 12 to 15, and all grapes were 
removed; the other part was picked October 24 to 26. The count of 
cocoons under 14 vines from each block was as follows: 


Cocoo: 


: Biel? of Cocoons 
Date picked. foundunder per vine. 
Oek.. 12: F015 se SEE ONE AUG ee atc eee 14 92 6.59 


Och. 24 tO 26o.. ee ees ac oe bce) oe te edee eter se ee pa neat ee eee 14 621 44.50 


As stated, this was an exceptionally late season. During the sea- 
son of 1916, according to the records, half the larve had left the 
grapes by October 4. Johnson and Hammar found that during nor- 
mal seasons the majority of the berry-moth larve left the grapes by 
October 10. 

Early harvesting is more valuable in avoiding loss of weight in the 
crop attacked than in reducing the following season’s infestation. 
Grapes badly infested with the berry moth lose weight rapidly after 
the picking season begins, owing to the movement of larvee from in- 
fested to sound berries, and to the subsequent shrinking of previously 


infested berries. 
BURYING HIBERNATING PUPA. 


‘Plowing under”’ the hibernating generation previous to the time 
of moth emergence and keeping it covered during the earlier part of 
this period had been practiced for a number of years in the vicinity 
of North East, Pa., although no definite knowledge as to the effect- 
iveness of the practice had yet been ascertained. (See Plate IV.) In 
late fall or early spring earth is thrown up by a plow to the vines 
on both sides covering the hibernating pupx under several inches of 
earth. This earth is allowed to remain until after the general emer- 
gence of moths in the spring, when it is removed with a horse-hoe. 
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SPRAYING AGAINST THE GRAPE-BERRY MOTH. 


Fic. 1.—‘ Trailer”? method of applying spray. Fic. 2.—‘‘Set nozzle’”’ method of applying 
spray. (Original.) : 
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The effect of this treatment is to prevent the moths from escaping 
through the covering of earth. ; 

In a number of vineyards where this method of control has been 
practiced, check rows were maintained in which the earth was 
removed early in the season, in order to determine, if possible, the 
effects of the practice. No definite results were obtaimed. If small 
checks were left the flight of moths obscured the results altogether; 
and in larger checks variation of infestation interfered. In some 
vineyards the infestation appeared to be reduced greatly, but in none 
was it controlled. 

The principle of this practice was proven correct, however, by a 
small experiment in the insectary yard during the season of 1916. 

Three lots of 300 cocoons each, collected in the fall of 1915 and 
wintered in the insectary yard, were placed in 8-inch flowerpots. Two 
lots were covered with from 24 to 3 inches of earth; the third was 
left uncovered. The emergence record totals as follows: 

From 600 cocoons buried under earth no-moths emerged. 

From 300 cocoons not buried 103 moths emerged. 

In a number of small lots 60 cocoons were placed in glass vials 
where the action of the moths after emergence could be observed. 
These cocoons were covered with earth at depths varying from 4 
inch to 3 inches. Upon emergence none of the moths were able to 
work their way upward through the covering of earth. It should be 
remembered, however, that results as satisfactory as these can not be 
expected under field conditions. 

“Horse hoemg’”’ away from the vines, if done during the grape 
blossoming period, would also destroy grape-rootworm pupze which 
are transforming at that time (13, 18). 


SPRAYING. 


Experiments with poison sprays were conducted during each of the 
three seasons. All of the vineyards but one were planted to Concord 
grapes, which is the standard variety for this grape-producing region. 
In 1916 experiments were conducted also in a single vineyard of 
Niagara grapes. 

Weather conditions affecting sprayimg operations and results 
differed strikingly during the three seasons. Records from the 
Weather Bureau station at Erie, Pa., on Lake Erie, 16 miles west of 
North East, showed that in 1914 the months of July and August 
were nearly normal. The next year was colder with excessive rains 
during these two months, while the corresponding period of 1916 
was very warm and dry. The average mean temperature for these 
two months in 1915 was 2.4° below normal and the rainfall was 7.95 
inches above normal. In 1916 the average mean temperature was 
3.7° above normal and the rainfall was 3.39 inches below normal. 
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In rainfall during these two months the two seasons showed a differ- 
ence of 11.34 mches. 
MerTHops oF APPLICATION. 


All spray applications were made with a gasoline-power sprayer. 
Two methods of applying the spray were used. (See Pl. V.) By 
the one, spray was applied to the vines by a “‘set-nozzle”’ arrange- 
ment at the rear end of the machine. From vertical pipes on each 
side of the machine two short spurs were directed outward, each 
bearing an angle nozzle which drove the spray outward and upward 
and as far as possible under the leaves. The lower spur was below the 
lowest wire of the trellis. The height of this spur could be varied 
somewhat to suit the trellis. A third and upper nozzle was mounted 
on a longer spur and projected over the trellis, the nozzle being di- 
rected downward. The ‘‘set-nozzle’’ method of application of spray 
is more generally used against the grape rootworm and mildew, be- 
cause it is least expensive from the labor standpoint. 

By the other method single nozzles were mounted on short rods at- 
tached to the machine by trailing hose, and the spray was directed to — 
the grape clusters by hand. This ‘‘trailer’’ method has been recom- 
mended by Johnson in his investigations against the grapevine leaf- 


hopper. 
The two methods require about the same amount of spray material 


per acre. When ‘‘set nozzles’’ were used about 150 gallons of spray 
was applied per acre; with ‘‘trailers,”’ about 125 gallons per acre was 
used immediately after the falling of the blossoms, and about 175 
gallons when the berries began to touch. 

When applications were made with ‘‘set nozzles’? the machine 
was driven along every row, but when ‘“‘trailers’’ were used the 
machine was usually driven only along alternate rows, the rodman 
on each side being able to reach through the trellis and spray both, 
sides of the row. 

The spraying schedules followed in these investigations were based 
largely on the seasonal-history studies on the grape-berry moth 
made by Johnson and Hammar, modifications being made the second 
and third seasons. 


SPRAYING EXPERIMENTS IN 1914. 


From a control standpoint the spraying in 1914 was a failure, 
although it did bring about a consistent reduction in the numbers 
of the berry moths. Furthermore, results in the Phillips vineyard 
were of uncertain value because of the wide variation of infestation 
as shown by the checks. The negative results were of value, how- 
ever, since they indicated the necessity of a radical revision of 
spraying practice. 

In applying the spray, the difficulty in covering the grape clusters 
with “set nozzles’? was apparent. It was noted also that even when 
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the spray was applied directly to the grape clusters with “trailers” 

did not adhere to the waxy skin of the grape berries, except when the 
solution to which soap had been added was used. These features, 
(1) the application of the spray directly to the grape clusters and (2) 
the addition of soap to the solution, 
were the most important changes 


which were suggested Le this sea- 
Le LZT LH 
son’s work. 
EXPERIMENT IN THE MOORHEAD VINEYARD, WEST EG 
MOORHEADVILLE, PA., 1914. 
Experimental work in the Moor- | 
head vineyard was conducted in a 


section of 38 rows, comprising about ee 
5 acres, which was divided mto 4 yg. 1.—Diagram showing arrangement of ex- 
plats of 8 rows each and one of 6 perimental plats in Mr. J. M. Moorhead’s vine- 

yard, Moorheadville, Pa., 1914. (Original.) 
rows, the latter used as the check 
plat. The arrangement of the plats is shown in the diagram (fig. 1). 
The vine ard y was rather evenly infested throughout. 

g 
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TABLE 4. ES ini mixtures used, methods and dates of application, and percentages of in- 
festation in experimental plats, Moorhead vineyard, Moorheadville, Pa., 1914. 


| 
| 


Dates iB Bordeaux mixture. 
te 
Dates sprayed sprayed TSenY Laundry Infesta- 
Flat Nor with set nozzles. with Guay : Copper soap. Water. tion. 
; trailers. Lise. sulphate. | 3 
eae eae June 9, 23, and Pounds. | Pounds. | Pounds. | Pounds. | Gallons. | Per cent. 
TISE Gis Dee SSeS ie ei 3 3 Bh eee 50 25.6 
eee ce gene oud Tuly 9 aes Sees 3 3 Stl [Bes sere ele sie 50 26.7 
Tile e PINE 23: Be July 9 3 3 3) pee ce 2 50 27.8 
Sooriaie ace Sage paeosesadellc fibilby 10 3 3 3 1 50 22.9 
Che Cac eri ae stares balers a ' S Ache AySopyeees | 22 2qc- ait a tet eees dee] oestte a 31.8 
sprayed. 


1 Last application only. 


Though the experiments in this vineyard showed a consistent 
reduction of infestation, definite control of the grepe-berry moth was 
not established. In one plat the results appeared somewhat more 
favorable than in the others and offered a suggestion for further 
investigation. Soap was added to the spray mixture and “trailers” 
were used in applying it, but as these changes had been made only 
for the last application they could not affect the results materially. 


EXPERIMENT IN THE PHILLIPS VINEYARD, NORTH EAST, PA., 1914. 


Experimental work in the Phillips vineyard was conducted in a 
section which included 44 rows, covering about 7 acres. It was 
divided into 7 plats of 6 rows each. The middle row of each plat 
and the two rows at one side were chosen for checks. The arrange- 
ment of the plats is shown in the diagram (fig. 2). 
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TABLE 5.—Spray mixtures used, methods and dates of application, and percentages of in- 
festation in experimental plats, Phillips vineyard, North East, Pa., 1914. 


Es P Date s Ar- | Bordeaux mixture. mes Nico- = 
ates spray: spraye senate tine F 
Plat No with set nozzles. with of lead ganar ny sul- | Water. ee 
trailers. |(paste).| Lime. each P- | phate. none 
To ccna June 12, 26, and Lbs. | Pounds. | Pounds. |Pounds.| Pints. au Per ct. 
uly 1 mere Needle’ oy Le 3 3 eae ube yl 5.2 
TRS Se June 26 and July 
Rh oe he | AR eae ea 3 3 CP oom Sees Ise eae 50 4.5 
ema oe June 26..2....---.| July 12 3 3 Cl eae aSea Sooben 50 Wate, 
Cheek Ai .2.35 252. 5.055 Bot eb sh woe. ie ih Sere eee ee | ee ee 8.7 
ee June 26 and July " 
12) ote eles fat ee 3 3 3 nig! el Pea 50 9.5 
Wivcccaee Sune 2622 sess. sees July 12 3 3 3 1] 1} 50 Be 
Vises: June 26252 - So es July 12 3 3 3 del oboe ieee 50 17.9 
Check. B.fo ceca. ss odoes sn nae| oo aces des ne|[s alse ac] once maces |= aeeiner ate eee ee ee 52.4 
1 Last application only. 


The infestation in this vmeyard had been very heavy the previous 
season, but in 1914 it was hght. Check plat B was much more heavily 
. infested than the ad- 

jacent sprayed plat; 
whereas this plat was 
much more heavily 
infested than check 
plat A. While it is 
probable that spray- 
ing did reduce the in- 
festation somewhat in 
ss this plat and in the 
SOUTH one next to it, be- 


NOLP?7/7 


Fig. 2.—Diagram showing arrangement of experimental platsin Mr. M. cause of the wide va- 


D. Phillip’s vineyard, North East, Pa., 1914. Sprayed plats are yjation of mfestation 
marked with Roman numerals, check plats with letters. (Original.) . 
in the wunsprayed 


checks, this can not be stated definitely. The similarity of results 
in check plat A and the sprayed plats adjoining it indicates failure in 


control. 
SPRAYING EXPERIMENTS IN 1915. 


The season of 1915 was marked by extremely heavy rainfall during 
the spraying season and during the month followimg. Spraying 
operations were interrupted frequently or delayed by rain and as a 
result spraying as a remedial measure was put to a very severe test. 
However, when the final counts were made, all plats sprayed with 
solutions containing arsenate of lead and soap and applied with 
“trailers”? showed a satisfactory reduction of infestation from a com- 
mercial standpoint. The contrast in infestation between the sprayed 
plats and others was commented on with astonishment at harvest 
time by pickers who were ignorant that any remedial measures had 
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been employed. Tables 6 and 7 will give in detail the treatments 
applied in the different vineyards and the results as shown by per- 
centages of ‘‘wormy’’ fruit. 


EXPERIMENT IN THE BARTLETT VINE- 
YARD, NORTH EAST, PA., 1915. 


Experimental work in this 
vineyard was conducted in a 
square corner section of about 
2 acres which had been very 
heavily infested in 1914. It 
was divided into two large 
plats of 11 rows each with an : : 

Fic. 3.—Diagram showing arrangement of experimental 
8-row check between and 2 plats in the vineyard of Mr. A. P. Bartlett, North East, 
narrow plats of 3 rows each Pa., 1915. Thesprayed plats are marked with Roman 

numerals and the check plats with letters. (Original.) 
outside of the larger ones. 
The adjacent vineyard also was unsprayed and used asacheck. The 
arrangement of plats is shown in the diagram (fig. 3). 


TABLE 6.—Spray mixtures used and method and dates of application in experimental 
plats, Bartlett vineyard, North East, Pa., 1915. 


Bordeaux mixture. 


Arsenate a eAn Method 
Plat No. | Dates of | oflead Laundry) Micotine | water. | of appli- | Remarks. 
praying. | (paste). Lime. | Copper ip paate. cation. 
- |sulphate. 


Pounds. | Pounds. | Pownds.| Pounds. | Pints. Gallons. 
3 50 


ees ee July 6,19 3 3 1 4 Trailers.| Double 
| sprayed.2 

1 ena dover 25 3 3 3 1 z 50 |...do......Single 
sprayed.2 

1H eee ee dost.)s 5 3 3 1 4 50 |..-do.....;Single 
sprayed.2 

IV..: doses: 5 3 3 1 i 50 |..-do....| Double 
sprayed.? 


1 Last application only. 
2 Plats marked ‘‘double sprayed” were sprayed twice on each date of treatment, the seconu spray being 
applied as soon as the first had dried. 


TABLE 7.—Percentage of infestation in experimental plats, Bartlett vineyard, North East, 


Pa., 1915. 
First brood. Second brood. 
Plat No. Num- Num- 
Nan ber of | Total |Infested| Infes- ao ber of | Total |Infested| Infes- 
snes clus- | berries.| berries.| tation. iS clus- | berries.| berries.| tation. 
ters. . ters. 
Per cent. Per cent. 
1 Se ESOS 20 1,024 | 29,036 572 1.97 15 768 | 21,760 849 3.9 
STS ay Te ee 20 | 1,132 | 31,314 572 PAA 15 849 | 23,489 963 4.1 
Check A.......- 20 1,124 | 30, 568 2,404 7.86 15 843 | 22,926 3,372 14.8 
10 eo ee eee 20 | 1,330 | 38,676 375 .97 15 997 | 29,066 313 1.2 
Watepaess soe fe 52) 20 | 1,192 | 41,107 124 30 15 894 | 30, 830 68 .23 
CheckiBeesces.- 20) 1,051 | 29,567} 1,943 6.57 15 788 | 22,175 | 3,925 U7 
CheckiC sae ie: 20 832 | 21,356 1, 743 8.16 15 624 | 16,016 1,399 46.2 


—_— 
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On all sprayed plats where poison with adhesive had been applied 
with “trailers”? the control was effective. Plats I and II on which 
arsenate of lead (paste) had been applied at the rate of 3 pounds to 
50 gallons of liquid were infested more heavily than Plats III and IV, 
on which arsenate of lead at the rate of 5 pounds to 50 gallons had 
been applied. The infestation was naturally heavier on the west 
side, however, as is shown by a comparison of the unsprayed plats. 
Double spraying appeared to reduce the infestation but not enough 
to offset the extra cost of application. 


EXPERIMENT IN THE MILLER AND CARLBURG VINEYARD, NORTH EAST, PA., 1915. 


The experimental plat in this vineyard included 64 rows covering 
about 10 acres. It was divided into 10 plats of 6 rows each, the 
4 remaining rows being left for check. This plat was surrounded on 


NORTH * 
2 
viziz\|\za|\z\zviwigi\a|x |a 
WEST LAST 
Cc SOUTH 


Fic. 4.—Diagram showing arrangement of experimental plats in the vineyard of Messrs. G. H. Miller and 
A. I. Carlburg, North East, Pa., 1915. The sprayed plats are marked with Roman numerals and the 
check plats with letters. (Original.) 


all sides by vineyard, two parts of which were used as checks also. 
The arrangement of plats is shown in the diagram (fig. 4). Spraying 
operations for both first and second applications in this vineyard 
were interrupted and delayed by frequent rains. 


TaBLe 8.—Spray mixtures used and methods and dates of application in experimental plats, 
Miller and Carlburg vineyard, North East, Pa., 19165. 


| Bordeaux mix- 


ture. . 
pS Laun-| Fish- ice 
vlat No. | Dates of | nate of an oil Flour | tine | water, | Method of ap- 
*“‘0-! spraying. | lead | Gabnsir'l ce ee Soa paste. | sul- ‘| plication. 
(paste).. Time er Ds P- phate. 
phate. 
Pounds. Pounds. Pounds. Pounds.| Pounds. Pounds.| Pints. \Gallons. 
July 2,15 3 3 3 1 | 50 | ‘‘ Trailers.’” 
July 2,15 | 3 Baleaseases 50 Do. 
July 2,15 | Ly esse, erat ote) ee tee 50 Do. 
July 3,16 | 3 3 | 3 1 50 Do. 
July 3,16 3 3 ee Be 50 Do. 
July 3,16 3 3 3 1 50 Do. 
pel are Wy eee a! 3 3 1 50 Do. 
July 5,17 3 | 3 | Spo ore Bee 50 Do. 
July 5,17 | 3 3 Boj ceeaee 50 Do. - 
July 5,17 | 3 3 DB sleieec mee 50 | ‘‘Set nozzles.” 


1 Rain followed immediately after the second spray application on this plat and apparently washed off 
most of the spray. 
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TABLE. 9.—Percentage of infestation in experimental plats, Miller and Carlburg vineyard, 
North East, Pa., 1915. 


First brood. Second brood. 
Plat No. Num- Num- 
Haun | ber of | Total | Test: |totesta.| NUM | er of | Total | Mfest-| trtesta- 
otis oe berries. “ee: tion. in cas, berries. aS. tion. 
Per ct. Per ct 
et See 25 601 | 14,028 45 3.21 20 481 | 10,822 847 
pg Paes eho gee 25 544 | 12,550 414 3.29 20 435 , 640 951 9 
TEED Ts 2. acer RA gle ea 25 492 | 11, 235 519 4.53 20 397 | 9,088 | 2,887 31.77 
Seen: APR RE Se 25 460 | 18,692 343 2.51 20 368 | 10, 956 2 3.94 
Vd eS Se ag a 25 575 | 13,705 289 2.11 20 460 |} 10,960 967 9.56 
TE de eS OS ee ie ge 25 796 , O4 479 2.45 20 637 | 15,625 | 1,188 7.60 
YAU NS ee eaten 25 712 | 22,736 | 1,264 5.99 20 570 | 16,587 | 5,5 33.31 
N/T Wi ei a a a 25 661 , 00 4.18 20 529 | 14,783 | 2,793 18.89 
i EO eet ede 25 561 | 16, 269 901 5.53 20 459 | 13,005 | 2,738 21.05 
Lig, Shs ea Oe SEEOEe 2) 716 | 21,480 | 1,024 4.53 20 513 | 15, 441 ; 20. 41 
@heckeAy 2 25 | 695 | 20,850} 1,013 4.86 20 556 | 14,480 | 3,958 28. 80 
Check B......- Pee: 25 _ 792 | 23,882 | 3,533 14. 87 20 634 | 19,135 | 11, 803 61. 67 
Ceca @ ene aes pmem et unui sos Nees Eas 10 340] 9,380] 4,710] 50.21 


In spite of the exceedingly adverse weather conditions at the time 
of spraying, all plats but one on which arsenate of lead with soap had 
been applied twice with “trailers’’ (Plats I, II, IV, V, and VI) showed 
a satisfactory reduction of the grape-berry moth from a commercial 
standpoint. In one plat where rain followed immediately after the 
second spray application (Plat IIT) the results must be disregarded. 
The rain also probably reduced the efficiency of control in Plat II, 
which was sprayed just before Plat III, and to a less degree may have 
affected others; but the results showed that when the spray had 
time to dry on the grape berries before rain, a fairly satisfactory con- 
trol could be secured. Failure to control resulted in plats where 
spray was applied with “set nozzles’’ instead of ‘‘trailers’’ (Plat X), 
where the soap was omitted from the spray mixture (Plat IX), and 
where flour paste was used as adhesive instead of soap (Plat VIII). 
Bordeaux mixture and soap were used without arsenate of lead (Plat 
VII) and no effect, repellent or insecticidal, was noted. Nicotine 
sulphate appeared to add nothing to the effectiveness of the solution 
(Plats V and VI). Laundry soap (Plats I, IV, and VI) and fish-oil 
soap (Plats II and V) were both used apparently without distinct 
advantage for either. The plat sprayed with 5 pounds of arsenate 
of lead (paste) to 50 gallons of liquid (Plat IL) was much more heavily 
infested than the plat sprayed with only 3 pounds of arsenate of 
lead (paste) to 50 gallons (Plat IV), but as the second application of 
spray on Plat II was closely followed by rain the infestation in this 
plat was probably also somewhat heavier naturally. (Compare check 
plats B and C with A.) : 
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EXPERIMENT IN THE MOORHEAD VINEYARD, MOORHEADVILLE, PA., 1915. 


The experimental work in the Moorhead vineyard was conducted 
in the same section as in 1914, but the arrangement of plats was 


MOA TFY 


WEST LAST 


Pig FLATE 
SOVK 


Fig. 5.—Diagram showing arrangement of plats in 
the vineyard of Mr. J. M. Moorhead, Moorhead- 
ville, Pa., 1915. The sprayed plats are marked 
with Roman numerals and the check plats with 
letters. (Original.) 


somewhat changed. The plat 
that had the lightest infestation 
was chosen as check, while the 
check of the 1914 season was 
sprayed. The adjacent sections 
of the vineyard were sprayed once 
by the owner, soon after July 1, 
with arsenate of lead (paste), 3 
pounds, and Bordeaux mixture, 
50 gallons, to control the grape 
rootworm; the spray was applied 
with “set nozzles.’”’ Counts were 
made from these sections adjacent 


to the experimental block and they are recorded as checks, B and C. 
The arrangement of plats is shown by the diagram (fig. 5). 


TaBLeE 10.—Spray mixtures used and methods and dates of application in experimental 
plats, Moorhead vineyard, Moorheadville, Pa., 1915. 


Bordeaux mixture. 
Arsenate tt nibs 
Dates of Laundry | Nicotine Method of ap- 
Plat No. | spraying. Ces Copper | S0@P- |Sulphate. Water. plication. 
Lime. | suiphate. 
Pounds. | Pounds. | Pounds. | Pounds. | Pints. | Gallons. ; 
Tse. ct ts July 1,20.. 3 3 3 D edeemenes 50 | Sprayer (“trail- 
er’) drivenin 
alternate al- 
leys. 
ley ys: = te 2B July 1,20.. 5 3 3 We eessns6s.- 50 | Every alley. 
tees Sree July 1,20.. 3 3 3 1 4 50 | Alternate « al- 
eys. 
1 Ela 5p epee July 1,21.. 3 3 3 Wer casinedec 50 Every alley. 


TABLE 11.—Percentage of infestation in experimental plats, Moorhead vineyard, Moore- 
headville, Pa., 1915. 


First brood. Second brood. 


ties. | Infested | Infesta- | Infested | Infesta- 
berries. tion. berries. tion. 


Per cent. Per cent. 
29, 130 90 0.31 1 
34, 450 112 ~32 71 2.08 
22,411 49 .22 943 4,21 
25, 512 903 3.54 4,860 19.05 
26, 350 141 . 54 1,070 4.06 
21,951 715 3.25 4,997 22.81 


5 Number pee Total ber- 
Plat No. BEeines: 

cisions 

20 $20 

B20 975 

20 726 

20 975 

20 813 

20 785 

20 756 
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The final counts show that the grape-berry moth had been con- 
trolled in all sprayed plats. In this respect they contrast sharply 
with the previous season’s results in the same vineyard. The only 
essential differences between the treatments of this season and those 
of the previous one were the addition of soap to the spray mixture 
and the application of the spray with “trailers’’ instead of with 
“set nozzles.”’ 

The results further indicate that 3 pounds of arsenate of lead 
(paste) was practically as effective as 5 pounds to 50 gallons of 
liquid, and that no special advantage or injury resulted from the 
addition of nicotine sulphate to the spray mixture. Also that 
drawing the sprayer in every alley and each rodman spraying only 
one side of a row at a time had no advantage over driving up alternate 
alleys with each rodman spraying both sides of a row at one time. 


SPRAYING EXPERIMENTS IN 1916. 


Confirmation of the 1915 results was the most important feature 
of the season’s work. Although infestation by the grape-berry moth 
was much heavier, the season was more favorable for work and 
the control measures were more effective. 


EXPERIMENTS IN cae BARTLETT VINEYARD, NORTH EAST, PA., 1916. 


The experimental work in Mr. A. P. Bartlett’s vineyard was con- 
ducted in two sections differmg in distribution of the berry moth. 
In both sections the rows ran north and south, but the checks were 
arranged differently. In the upper section the 1915 infestation was 


NORITS7F 
LOKHEL? LINE VAFO OPLL? LONMLIZAIEO 


WEST 


SOW /Y 
Fig. 6.—Diagram showing arrangement of experimental plats in vineyard of Mr. A. P. Bartlett, 


North Kast, Pa., 1916. In the lower vineyard the sprayed plats are marked with Roman nu- 
merals and the check plats are lettered. (Original.) 


much the heavier on the west side, consequently the checks were 
not chosen in the usual way but instead a transverse check of the 
end 6 vines on all rows was left unsprayed. The arrangement of 
plats is shown by the diagram (fig. 6). 
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TABLE 12.—Spray mixtures used and method and dates of application in experimental 
plats, Bartlett vanguard, North East, Pa., 1916. 


Bordeaux mixture. 


Arsenate : Resin Potash Method 
Plat No. | area. | of lead, é Taundry| fish-oil | fish-oil | Water. | of appli 
2" |(powder). . ‘opper ; soap. soap. cation. 
re Lime sulp fate: i “i 
Pounds. | Pounds. | Pownds. | Pounds. | Pounds. | Pounds. | Gallons. 
1 Se ee July 22 4 3 3 hI Perey ene ne, 52 50 | “Trail- 
ers.”’ 
1 eet Ang. 12 3 Oye eee 1 ee eee 50 Do, 
TY. 2 Tuly 6, 25 14 3 BS t2S ee 50 Do 
1 9 ae Reset July 6,25 14 3 3 Be eect coal ectenne mas 50 Do. 
and Aug 
123 
perth. July 5,21 1 3 3 1 Ree Pee AT 4. 50 Do. 
Tee ss es July 6,21 2 3 3 Lal vcd nailed | Gaemeenioen 50 0. 
Se July 5,21 Saad Bascaaocee 1 ee ee esesodd eessehsoa= 50 Do. 
VARI: Se oe July 5,22 13 3 Sols esis got [ae eee 2 50| Do 


- TaBLE 13.—Percentage of infestation in experimental plats, Bartlett vineyard, North 


East, Pa., 1916. 
First brood. Second brood. 
Number Number Purpeeneie cae se i) 
Plat No of Total. 
vines. eee berries. | Infested | Iafesta- | Infested | Infesta- 
berries. tion. berries. tion. 


The final counts in this vineyard showed satisfactory results in all 
plats on which two applications of arsenate of lead with soap had been 
made (Plats III, V, VI, VII, and VII1). Where, in addition to 
these two applications, a third application was made, directed solely 
against the second brood, the percentage of infested fruit was slightly 
reduced, but since the result was so satisfactory with two sprays (com- 
pare Plat IV with III and V) an extra or third application was unneces- 
sary. Asan additional disadvantage, the fruit thus sprayed was badly 
stained at harvest time. A single application made at the time when 
the grape berries were just touching (Plat I) effected a marked re- 
duction of infestation, as did a later single application directly solely 
against the second brood (Plat II), but in both plats the results were 
far from satisfactory. Any late application is open thus to objection 
because of staining the fruit at the approaching harvest. Three ad- 
hesives, laundry soap (Plat V), resin fish-oil soap (Plat IIT), and fish- 


’ 
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oil soap without resin (Plat VIII), were used. The difference in in- 
festation in these plats was so slight that it is not worthy of special 
consideration. Resin fish-oil soap solution spread rapidly and could 
be applied most easily. Arsenate of lead when used at the rate of 23 
pounds (powder) to 50 gallons of liquid (Plat VI) did not appear more 
effective than when used at the rate of 14 pounds to 50 gallons. The 
solution in which Bordeaux mixture was omitted (Plat VII) was 
practically as effective as any other, although sheht burning followed 
its application. 


EXPERIMENT IN THE SOUTHWICK VINEYARD, NORTH EAST, PA., 1916. 


A plat of 28 rows, 9 rows to the acre, was chosen for experimental 
purposes in this vineyard. An unsprayed check of 8 rows was left 
in the middle of the plat. On one 
side were two sprayed plats of 6 
rows each, and on the other side 
two plats of 4 rowseach. The rest 
of the vineyard section on either 
side of the experimental block, 
although sprayed for the grape 
rootworm by the owner, also served 
as a check. The arrangement of ee 


these plats 1S shown by the diagram Fig. 7.—Diagram showing arrangement of ex- 


(fig. 7) Lat perimental plats in the vineyard of Mr. B. T. 
EONS : Southwick, North East, Pa., 1916. The 
D uring the season of 1915 this sprayed plats are marked with Roman numerals 


section had been heavily infested, and the check plats with letters. (Original.) 
from 30 to 40 per cent, with a tendency for the infestation to be 
heaviest at the north end. 


NOS? 77 


TaB_E 14.—Spray mixtures used and methods and dates of application, Southwick vine- 
yard, North East, Pa., 1916. 


Bordeaux mixture.|__. _. 
Date ciao goatee |oesare Method of 
a Marae a Tier a hate, | Laundry ethod o 
Plat No. sprayed. Gomi. te Copper 40 per ; soap. Water, application. 
Lime. sulphate. cent.1 
Pounds. | Pounds. | Pounds. | Pints. | Pounds. | Gallons. 

Ji Ripe eee Seale July 10, 24- 13 3 3 4 1 50 | ‘‘ Trailers.’’ 

TE se A SR een ee ee do 23 3 2 1 50 Do. 

100 Cee eeae July 24. . 14 3 3 2 1 50 Do. 

LINE ae aes, 1 eter Tule 10; 24. 14 3 3 4 1 50 | ‘‘Set nozzles’’ 
first. ap- 
plication, 
“Trailers”’ 
second. 


1 Last application only. 
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TaBLE 15.—Percentage of infestation in experimental plats, Southwick vineyard, North 
East, Pa., 1916. 


First brood. Second brood. 
Number | Number 
Plat No. of of Total 


vines. | clusters. Infested | Infesta- | Infested | Infesta- 


berries. tion. berries. tion. 

Per cent. Per cent. 

GhedlkeAtis. 2555 2<0¢ eeseee > A-as 20 609 16, 443 2, 866 17.43 11, 635 70. 76 
cde ena s Since a onhea rae eee 20 570 15, 960 565 3.41 1,339 8.43 
A io Pe ms oe ee 20 638 19,778 597 3.02 835 4, 22 
CheckiB: oo eis en 8s coca 20 623 15, 575 2,129 13.61 11, 706 75.16 
wis ENR Eee Cee enn ete ane ee 20 585 14, 625 1,364 9.32 4,966 33.95 

DV sae ee ea eames 20 584 16, 936 995 5. 87 3,242 19.13 
Check iGeo-22 5 sob Se scsecaan ae 20 608 15, 200 1, 073 7.06 9, 963 65. 65 


The final counts in this vineyard showed that the grape-berry moth 
had been controlled in the plat where two applications with “‘trailers”’ 
had been made, using arsenate of lead (powder) at the rate of 2% 

pounds to 50 gallons with an 
hag ahs adhesive (PlatJI). This was 
in the face of a very heavy in- 
festation in the checks. In 
contrast to the results in all 
other vineyards, in the plat 
in which 14 pounds of arsen- 
ate of lead (powder) was used 
the final count was distinctly 
SOUT less satisfactory (Plat’ I). 
Fic. 8.—Diagram showing arrangement of experimental This difference was conspic- 
plats in the vineyard of Mr. J. M. Moorhead, Moorhead- yoy only at the north end of 
ville, Pa., 1916. (Original.) e m 
the vineyard, where the in- 
festation in the checks was practically total and where several eggs 
had been deposited on a majority of the berries. It should be noted 
that the contrast was not apparent until the second-brood counts 
were made, and the first-brood infestation was about the same in 
both plats. An unusually large percentage of second-brood larve 
found in Plat I were very late, indicating that the early second 
brood had failed to enter the berries. This would indicate that the 
two amounts of poison were equally effective for some time, but that 
the higher amount withstood the weathering better. 

Two applications (1) with ‘set nozzles” and (2) with “trailers” 
(Plat IV) were partially effective, though not satisfactory. A single 
application with “trailers” when the berries were just touching 
(Plat IIL) was entirely unsatisfactory. 


- 
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EXPERIMENT IN THE MOORHEAD VINEYARD, MOORHEADVILLE, Ae 1916. 


An experimental plat of 48 rows, 8 rows per acre, was chosen in 
this vineyard. It was divided into 6 plats of 8 rows each. During 
the season of 1915 the infestation was heavy, 30 to 35 per cent of the 
berries being ‘“‘wormy,’”’ with a tendency for heaviest infestation at, 
the west side. Accordingly a transverse check of seven unsprayed 
vines at the end of each row was left. The arrangement of plats is 
shown by the diagram (fig. 8). 


TABLE 16.—Spray mixture used and methods and dates of application, Moorhead vine- 
yard, Moorheadville, Pa., 1916. 
\ 


Bordeaux mixture. 


Arsenate 
Potash , Method 
Plat No. aa aes ae Y| fish-oik Eau Water. | of appli- 
“| Ger.) Lime. | Copper > soap. i ation 
sulphate. 
Pounds. | Pounds. } Pounds. | Pounds. | Pounds. | Pounds. | Gallons. 
TNS ‘ycandia iflagte July 8,19 14 3 3 dsl ee Seman deren A ee ae 50 | Trail- 
enesred 
TE i.2 ie ena can do.... 23 3 3 IT ek ree mel ee teen oes 50 Do 
lites: Bayes July 8,20 14 3 Sh lee ee ce ZO Patiad meee pew 50 Do. 
Vem alt do.... 13 3 3 TINA [OI aoe ee (Ene RZ ae aad 50 | “Set noz- 
- zles” 
. first 
appli- 
cation ; 
“trail- 
ers” 
second. 
VS Esmee nso eee Goren 1g 3 Gay ued hen Be A Goes 1 50 | “Trail- 
; ers.” 
Wala ts at July 20. 1 3 3 SUED sp eS Bi aU 50 Do. 


TABLE 17.—Percentage of infestation in experimental plats, Moorhead vineyard, Moor- 
headville, Pa., 1916. 


{ 


First brood. Second brood. 
Number | Number 
Plat No. of _ of race 
vines. | clusters. - | Tnfested | Infesta- | Infested | Infesta- 
berries. tion. berries. tion. 
; Per cent. Per cent. 
20 850 29, 750 243, 0.81 1, 75 5.88 
6 253 9,108 406 4.45 3, 812 41.85 
20 675 23, 625 154 65 949 4.02 
6 226 8, 136 297 3.65 2,997 36. 83 
20 709 23, 397 152 . 64 806 Bp 115) 
6 195 7, 410 340 4.57 2, 848 38.43 
20 638 19,778 163 - 82 1,307 6.61 
6 235 8, 930 345 3.86 2,443 Wi 33 
20 703 23, 902 190 .79 4, 605 19. 60 
6 224 8, 064 S74: 2.15 2, 741 33.99 
20 709 20, 561 333 1.61 1,079 5.25 
6 154 4,312 86 1.99 1, 010 23.39 


The final counts showed satisfactory results in plats where two 
applications ‘with ‘‘trailers’’ were made with poison and laundry 
or fish-oil soaps (Plats I, II, 111). Fish-oil soap without resin as 
well as laundry soap was an effective adhesive, fish-oil soap having the 
advantage. A ‘‘soft soap’’ was also used (Plat V), but proved a 
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very poor adhesive. Arsenate of lead at the rate of 24 pounds 
(powder) to 50 gallons of liquid (Plat II) appeared to be little more 
effective at the increased strength than when used at the rate of 14 
pounds to 50 gallons (Plat I). 

Plats where the first application was made with “‘set nozzles”’ 
(Plat ITV) and where it was omitted altogether (Plat V) showed a 
fairly satisfactory reduction of infestation. It should be noted that 
the infestation in the checks in these two plats was not as heavy as 

that in the checks adjacent to 
COO Plats I, I, and III. 


EXPERIMENT IN THE PHILLIPS VINEYARD, 
NORTH EAST, PA., 1916. 


LAST This vineyard consisted of Ni- 
agara grapes, whereas in all other 
vineyards in which experimental 

i eae ce spraying was done the grapes were 

Fic. 9.—Diagram, showing the arrangement of ex- (Concords. It covered about two 

perimental plats in the vineyard of Mr. M. D. : . 
Phillips, North East,Pa.,1916. Thesprayedplats acres, irregular in shape, and was 
are marked with Roman numeralsand thecheck djyided into two plats. To guard 
plats with letters. (Original.) : Ae ake 
against natural irregularities of 
infestation unsprayed checks were left in each of the three cornets. 


The arrangement of plats is shown in the diagram (fig. 9). 


TABLE 18.—Spray mixtures used and methods and dates of application, Phillips vine- 
yard, North East, Pa., 1916. 


Bordeaux mixture. 


Arsenate 
Plat No. Dates sprayed.| oflead nae Water. See 
(paste). Tanie Copper ‘ ; Y 
sulphate. 


Pounds. | Pounds. | Pounds. | Pounds. | Gallons. 

Tapes eee cose July 5-and 22.. 5 3 3 1 50 | “ Trailers.’” 

Ue Ae oe cas onc oe | July 5 and 22.. 3 3 3 1 50 Do. 
| 


TaBLe 19.—Percentage of infestation in experimental plats, Phillips vineyard, North 
East, Pa., 1916. 


First brood. Second brood. 
Reaper Total: | == 5s eee 


Plat No. (0) : 
clusters. berries. Infested | Infesta- | Infested | Infesta- 
berries. tion. berries. tion. 

Per cent. Per cent. 

hi debtadas da ealdate Cull a OU eee anee = eee set 400 15, 200 436 2.87 479 mil 
Do a te so Prete sons = ee a se Se 400 16, 000 107 67]. 142 -89 
Check) Bare a aicaws cheneet TE eee 200 7, 200 423 5. 88 5, 135 71.32 
Check: Be ss ee enh ark an ke bo wees ont 200 7, 600 1, 186 15. 61 6,114 80. 45 


Cheek Chia Selig Sree ae 200 8, 000 289 3.11 4,034 50. 43 
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Results in this vineyard showed that spraying will control the 
erape-berry moth fully as well in the very compact clusters of the 
Niagara grapes as in the less compact Concord. The test was thor- 
ough, as shown by the heavy infestation in the checks. Arsenate 
of lead used at the rate of 5 pounds (paste) to 50 gallons of liquid 
(Plat I) did not appear to have any advantage over 3 pounds to 50 
gallons (Plat IT). 


Tue Spray MiIxtTuRE. 


ARSENATE OF LEAD, AMOUNT NECESSARY. 


Arsenate of lead, either as paste or as powder, was the insecticide 
used in all field experiments. In all instances but one, when used 
at the rate of 3 pounds, paste, or 14 pounds, powder, to 50 gallons 
of liquid, the amount was sufficient to reduce the grape-berry moth 
satisfactorily. During the seasons of 1915 and 1916 at least one plat 
was sprayed with poison at the above rate, and one other plat was 
sprayed under conditions as nearly the same as possible except that 
the amount of poison was increased to 5 pounds of paste or 24 pounds 
of powder to 50 gallons of liquid. In all instances except the one 
referred to no distinct advantage was shown in favor of the higher 
amount, while in two of the vineyards the plats sprayed with the 
higher amount were actually the more heavily infested. The differ- 
ences in results that did appear were usually slheht and could be 
accounted for largely by variation of infestation. The comparative 
value of the two amounts of poison as it appeared in the different 
vineyards is summarized in Table 20. 


TABLE 20.—Relative efficiency of arsenate of lead at the rate of 3 pounds and 5 pounds 
(paste) to 50 gallons of liquid. 


Infested grape berries. 


Num- 
Treatments um- 
Amount of arse- Years | ber of u Aver- 
nate of lead. Poaceae all tried. vine- bop of Best Adja- | Poor- | Adja- oe oe age of 
Prats. yards. | P Tat, | cent | est | cent ofall all ad- 
plat. | check. plat. | check. jacent 
plats 
checks 


. Per ct.| Per ct.| Per ct.| Per ct.| Per ct.| Per ct. 
3 pounds paste | Laundry soap,| 1915, 1916 7 7} 0.89 | 50.43] 8.43 | 75.16 4.12] 50.03 
or 14 pounds 1 pound, 
powder to 50 B or deaux 
gallons of water. mixture (3-3 


formula). 
The same _ as | 50 gallons ap- | 1915, 1916 6 Oe akes tel seal Beene eyes ether 3.41 | 49.17 
above. Poor- plied twice + 
est plat elimi- with ‘‘trail- 
nated. ers.” 
5 pounds paste or |..........--..-- 1915, 1916 6 16} 3.15] 75.16 | 5.06 | 94.83] 3.34] 54.90 
23 pounds pow- : j 
der to 50 gal- 
lons of water. 


1 Plat IT, Miller and Carlburg vineyard, is not included in this average because the results were prejudiced 
by rain. 


Table 20 indicates that as a rule there is practically no difference 
in effectiveness between the two amounts of poison. However, in 
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the Southwick vineyard, 1916 (Plats I and II), the results in the 
plat sprayed with the higher amount appeared so much better in the 
final counts that the result could hardly be accounted for by variable 
infestation. Moreover, checks on either side showed that very little 
variation existed. In this vineyard at one end, although not through- 
out the vineyard, the checks showed an infestation very near to 
total, and probably enough moths had emerged to have totally 
infested a crop several times as heavy. Under such conditions of 
extremely heavy infestation the higher amount of poison was more 
effective. As previously stated in the discussion of results in the 
Southwick vineyard, the two amounts of poison were apparently 
equally effective when the first counts were made, but the higher 
amount withstood the weathering better and was more effectivea gainst 


the late second brood. 
ADHESIVES. 


The necessity of adding adhesives to the spray mixture became 
apparent to the writer in the experiments in 1914. It was readily 
observed that the spray solutions from which an adhesive was absent 
did not adhere to the waxy skin of the grape berries, and this was 
undoubtedly one of the chief reasons for the failure to control the 
grape-berry moth during that season. The solutions to which soap 
was added appeared to adhere much better, but since this was used 
only in the last application a definite contrast in the final count was 
not shown. The counts in plats where soap had been added to the 
spray solution and applied with “ trailers,’ however, when compared 
with counts in the nearest checks are consistently better than the 
others. 

The effect of applying a spray mixture without adhesives was 
specifically demonstrated in 1915 by a comparison of the results in 
Plats V and IX in the Miller and Carlburg vineyard, pages 18-19. 
TaBLe 21.—Relative effectiveness of spray mixtures with various adhesives and without 

adhesive. 


(Treatments common to all plats: Arsenate of lead, 3 pounds of paste or 14 pounds of powder; Bordeaux 
mixture (3-3-50 formula) applied twice with “‘trailers.’’) 


Infested grape berries. 


Num- ‘fave 
Kind of adhesive used. Years ber of nigh Ast Aver- 
. tried. vine- isis) Rest Adja- | Poor- | Adja- oars age of 
yards. ein: cent est cent of ol all ad- 
check. | plat. | check 1 jacent 
plats checks 
Per ct. | Per ct. | Per ct. | Per ct. | Per ct. | Per ct. 
Resin fish-oil soap........ 1916 1 | AIAG Bemmeree sare cmcicliccc. ae a6 2.14 55. 53 
Fish-oil soap (without | 1916 only. 2 2 | oc es celeron csl ede seen eee 1.97 31.29 
resin). 
DOs ween ta ceae es sie soc 1915, 1916 3 3 0.47 | 25.76 7.91 | 65.94 3.95 42. 84 
Laundry soap. -.......... 1916 only. 4 4 |. ccsccablawsecace] sone ene eee 4.14 61.79 
WOE cess seat ok 1915, 1916 7 7 89 | 50. 43 8.43 | 75.16 4.12 50.03 
Sditsoapesie ss. sos 1916 1 Wii O2 oo. | bug. sees eee | eae 19. 60 33.99 
MIONE DABLOS: os. Sato s sec k 1915 1 De foo Seta | area bt | aye erate ee 18. 89 28. 80 
No adhesive.............. 1915 1 Us}. 6350 24..| SEE EE ORE eee 21.05 28. 80 


PLATE VI. 


Bul. 550, U. S. Dept. of Agriculture. 


([eurstio) 


*(¢ 8) deos [l0-Ysy Ulsel B pus (T “3y) deos Arpuney v jo enyxrux Avads ur seryryenb Surpveids eatyeredur0g 


"HLO|N| AHUSG-adVvVuH AHL LSNIVOY DNIAVYdS 


CONTROL OF THE GRAPE-BERRY MOTH. ee) 


From Table 21 it may be seen that fish-oil and laundry soaps used 
in the seasons of 1915 and 1916 were both effective as adhesives and 
that soft soap and flour paste were unsatisfactory. (See Pl. VI.) 
The advantage of one soap over another, as shown in the final counts, 
was usually so slight that it can not be considered significant. 

At the time of application resin fish-oil soap appeared at best 
advantage. It was a better spreader than any of the others and 
consequently made the work faster and easier. It was used only in 
the Bartlett vineyard during the season of 1916. The potash fish-oil 
soap without resin also spread better than laundry soap. Potash 
fish-oil soap was used in 1915 in the Miller and Carlburg vineyard 
and in 1916 in the Moorhead and Bartlett.vineyards. 

The following analysis of the resin fish-oil soap used was made by. 
the Bureau of Chemistry: 

Water, 25.7 per cent. 

Fatty and resin anhydrides, 68 per cent. 
Sodium oxide, Na,O, 4.3 per cent. 
Undetermined, 2 per cent. 

Laundry soap if carefully used is practically as effective and adhe- 
sive as the fish-oil soaps, but it has two distinct disadvantages, (1) it 
is a slower and a poorer spreader than fish-oil soaps, and (2) different 
makes of soap and even different lots of soap of the same make vary. 
In the experimental work each brand of soap was tried on a few 
vines with a hand sprayer before it was used in commercial experi- 
ments. If the vineyardist finds it necessary to rely on laundry soaps 
for an adhesive, this precaution would be advisable. 

All of the laundry soaps that proved satisfactory were yellow resin 
soaps. Some of the so-called white soaps containing no resin were 
tried with a hand sprayer but lacked adhesive qualities and were not 
used in any field experiments. 

Cutting the laundry soap and allowing it to dry out before using it in 
the spray mixture seemed to impair its sticking as well as its spread- 
ing qualities seriously. 

A soft soap from a rendering factory also was tried, but gave nega- 
tive results both as an adhesive and asaspreader. This was observed 
readily at the time of application, and the result is shown clearly in 
the final counts. (Moorhead vineyard, Plat V, 1916.) 

Flour paste although a good spreader was an unsatisfactory adhe- 
sive, because it washed off with the first ram. (Miller and Carlburg 
vineyard, Plat VIII, 1915.) 

When soap in the spray mixture is not dissolved thoroughly, 
clogging of the spray apparatus is likely to follow. Hot water was 
found necessary for quickest results. If the sprayer engine is water 
cooled, hot water from the water jacket can be used satisfactorily 
for this purpose. 
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Amount of adhesive necessary.—Resin fish-oil soap or laundry soap 
used at the rate of 1 pound to 50 gallons of liquid gave good results 
as a ‘‘sticker” and spreader. Potash fish-oil soap without resin was 
used at the rate of 2 pounds to 50 gallons of liquid. 


‘ 


NICOTINE SULPHATE. 


Forty per cent nicotine sulphate was utilized in sprays every year 
in some of the vineyards against the grape leafhopper. This sub- 
stance was used at the rate of 1 part to 1,600 parts of liquid in the 
last grape-berry moth spray. In 1915 it was used in both of the 
applications against the berry moth. In none of the plats on which 
it was used was there any: indication that nicotine sulphate added to 
or detracted from the value of the spray mixture, so far as grape- 
berry moth control was concerned. 


RELATION OF FUNGICIDES. 


Bordeaux mixture had no insecticidal or repellent value, so far as 
the grape-berry moth was concerned. (Miller and Carlburg vine- 
yard, Plat VII, 1915.) However, the addition of this fungicide 
seemed to be advantageous. Besides reducing the danger of burning 
by the arsenate of lead and soap combination it gave to the spray 
mixture physical qualities which lessened the tendency to collect 
on the lower surface of the berry. 

The relation of neutral acetate of copper to arsenate of lead and 
soap was tried in an experiment on a small scale. It was thought 
that this nonstaining fungicide might be substituted for Bordeaux 
mixture if an August spray were adopted. One pound of neutral 
acetate of copper and 1 pound of soap to 50 gallons of water were 
mixed and applied to a few vines. The result was unsatisfactory. 
No injury to the foliage resulted, but the soap and neutral copper 
acetate in combination stained the grapes fully as objectionably as 
the soap and Bordeaux combination. 

It had been demonstrated previously that the Burgundy mixture 
should not be used in combination with an arsenical, and it was not 
tried. 

LIME. 

When for any reason it was desired to omit Bordeaux mixture 
from the spray combination of arsenate of lead and soap, lime was 
added at the rate of 1 pound to 50 gallons of liquid. 


INJURY DUE TO SPRAYING. 


Combinations of arsenate of lead and soap with Bordeaux mixture 
or lime caused no injury to foliage in any of the three seasons of 
experimental work. If ‘nicotine sulphate 40 per cent” at the rate 
of 1 part to 1,600 parts of liquid was added to this solution it also was 


CONTROL OF THE GRAPE-BERRY MOTH. 31 


applied safely. However, the combination of arsenate of lead and 
soap alone produced slight burning of foliage in 1916. (Bartlett 
vineyard, Plat VIT.) 

No serious staiming of fruit occurred except when the second- 
brood spray was applied in August in 1916. This was much reduced 
by using the arsenate of lead and soap with lime instead of with 


Bordeaux mixture. 
MeEtTHOD OF APPLICATION. 


The first season’s experiments clearly demonstrated the difficulty 
im covering grape clusters by the “set-nozzles” applications. This 
was particularly inadequate at the last application, at which time 
the foliage is very heavy, and pressure up to 250 pounds was not 
effective. The use of “trailers” on a few plats for the last appli- 
cation suggested the complete change of method which followed the 
next season. 

A specific demonstration of the inadvisability of depending on 
“set nozzles” as a means of applying spray was shown in 1915 by 
the contrast between Plats I and X in the Miller and Carlburg vine- 
yard. 

The necessity of using “trailers” was so satisfactorily established 
in the first two seasons that during 1916 “set nozzles” were not used 
in both applications in any plats. However, in the Moorhead vine- 
yard, Plat IV, and in the Southwick vineyard, Plat IV, “set nozzles”’ 
were tried for the first application. In the former, at the time of 
the first application, the results were reasonably satisfactory, 
although not the best. In the latter vineyard the foliage was very 
heavy when “set nozzles’ were used, and the failure to cover the 
clusters with spray was obvious. The reduction of infestation that 
resulted should be credited largely to the last application, which 
was made with “ trailers.”’ 

The relative efficiency of “set nozzle’ and “ trailer’? methods of 
application and a combination of these methods is shown in Table 22. 


TABLE 22.—Relative efficiency of ‘‘trailer” and ‘‘set nozzle” methods of application. 


(Treatments common to all plats: Arsenate of lead, 3 pounds paste or 14 pounds powder; laundry 
soap, 1 pound; Bordeaux mixture (3-3-50) applied after falling of blossoms and when grape berries 
were just touching.) 


Infested grape berries. 


Num- Nu 
Method of application. nome ber of ber of 


ine- Adjs- | Poor- | Adja- 
yards. plats. | Best cent est cent Been Bea ot 
check. | plat. | check. plats. |checks 
pee: ?? 2 applica- Per ct. | Per ct. | Per ct. | Per ct. | Per ct. | Per ct. 
aoe ohloscbeetsscirys oe 1915, 1916 7 7 0.89 | 50.43 8.43 | 75.16 4.12 50. 03 
Sot nozzles,” 1 appli- 
cation; ‘‘trailers,” 1 
application Bee cee chee 1916 2 2 6.61 | 38.43 | 19.13 | 65.65] 12.87 52. 04 


“Set norzles; (674 applica- 
MONS Ease nsec eects 1915 1 1} 20.41 | 28.80] 20.41} 28.80] 20.41 28. 80 
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Usually when ‘‘trailer’’ applications were made the sprayer was 
driven only in every other alley between the grape rows, each rod- 
man spraying both sides of his row on the same trip. 

During the season of 1915, in the Moorhead vineyard, Plats II and 
IV, the sprayer was driven in every alley, each rodman spraying only 
one side of a row on each trip. While it was easier to cover the foliage 
by this method, it was slower and it showed no distinct advantage 
over the usual method, in controlling the berry moth. It was given 
no further trial. Which of the two methods is best is probably a 
matter of individual preference. 

Careful work was an absolute necessity for successful ‘ trailer’’ 
applications. While the responsibility rested chiefly with the rod- 
men, unless the driver was careful about gathering up the hose and at 
the same time allowing the rodmen time to finish spraying each 
vine the work was handicapped greatly. It was necessary also that 
the rodmen should make an effort to cover each cluster or the advan- 
tage of ‘‘trailers’’ over the strictly mechanical method was lost. | 


TimE AND NUMBER OF APPLICATIONS. 


The most satisfactory spray schedule was as follows: The first 
application to be made immediately after the falling of the bloom; 
and the second application abgut two weeks later, at the time when 
the berries are just touching. This proved effective both in 1915 
and in 1916, and was the schedule used in the majority of plats. 

A single application at the time the berries were just touching 
reduced the infestation greatly, but hardly offered satisfactory 
results. It was tried only in the season of 1916. This spray is 
intended for late first-brood larve, and enough of the poison will 
remain on the berries, at the time of the hatching of eggs of the 
second brood, greatly to reduce this brood as well. The effect of 
this spray against the second brood is shown by referring to the 
counts in Bartlett (dower) vineyard, Plat I, in comparison with the 
adjacent Check Plat A. Plat I was naturally more heavily infested 
than was Check Plat A, as the first-brood count showed that it had 
about 50 per cent more infested berries than did ‘‘A.”’ On the other 
hand the final count showed the percentage of infestation in Check 
Plat A to be three times as heavy as that in Plat I. Similar final 
results are shown in Southwick vineyard, Plat IV. The results in the 
Moorhead vineyard, Plat VI, would indicate that in case of light 
infestation this one application might control the berry moth satis- 
factorily. 

In 1916 a single application, made on August 12 and aimed directly 
against the second brood, also reduced the infestation considerably, 
as shown in Bartlett vineyard Plat II, although the counts did not 
appear as fayorable as the single earlier application previously men- 
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tioned as being made when the berries were just touching. This was 
probably due to the fact that the absence of the early application 
permitted all of the first brood to enter the berries and heavier ovi- 
position later resulted. Furthermore, dependence upon an applica- 
tion as late as August 12, alone, is open to objection even if the second- 
brood control was very good, because infestation by the first brood 
will usually seriously thin out the clusters, and too, the spray remains 
longer on the berries, leaving them seriously stained at harvest time. 
This application is harder to make than is the earlier one because the 
foliage at the later date is much heavier. The value of the applica- 
tion is largely that of an emergency measure, at a time when the first 
brood has not been controlled. 

A three-spray schedule was tried in Plat IV of the Bartlett (lower) 
vineyard. The infestation was less than in Plats III and V, which 
had been sprayed twice. However, in this instance the difference was 
not of commercial importance and would not pay for the extra appli- 
cation, and the fruit was stained so badly by the last application as 
to reduce materially its value on the basket market. This third 
application could be of value in this region only under extraordinary 
conditions, when faulty work or lack of spray materials and labor or 
unfavorable weather had prevented the control of the first brood. 

A comparison of the results of different spray schedules is given in 
Table 23. The average infestation of plats where two applications 
were made was distinctly heavier than was the infestation in the one 
plat where three applications were made. It should be noted, how- 
ever, that where the plats sprayed two and three times were adjacent 
in the same vineyard, the. difference in infestation was very slight. 

Tt also shows that the single application may produce fair control 
if the infestation is light, but that on the whole dependence on a 
single application is unsatisfactory. 

A spray application before the grapes blossomed, followed by the 
usual two applications after the falling of the blossoms, was tried in 
one plat in each vineyard in 1914. No beneficial results of this spray 
could be noted when the final counts were made. The importance of 
this spray was brought into question soon after its application, for 
very few larvee were found in the clusters before the next was applied. 
Hven had they been numerous at that time, the ‘‘preblossom spray”’ 
could hardly have been effective, as practically all of the poison that 
did adhere to the clusters when applied fell off a few days later with 
the flower caps. 

This early spray was applied again in 1915 in all three vineyards, 
but since practically no larvz were found until the blossoms fell, these 
plats were discarded. 


EEE 
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TABLE 23.—Relative efficiency of different times and numbers of applications. 


Infested grape berries. 
Timeandnumber | Treatments | years oa saa We Aver- 
of applications. common, £0 tried. | vine- | P&t,° Adja- | Poor- | Adja- | *Y®"| age of 
= all plats. ards. plats. ee sont est tent ofl all ad- 
plat. | check.| plat. | check Jats, | Jacent 
plats. |checks, 
Phch PGE ARE Chan Abstr Pee. NOP. 
Two applications | Arsenate oflead,| 1915, 7 7| 0.89 | 50.48 | 8.43 | 75.16] 4.12] 50.03 
after blossoms 3 pounds paste} 1916 
have fallen and or 14 pounds 
when grape ber- powder; laun- 
ries are touch- dry soap, 1 
ing. pound; Bor- 
deaux mix- 
ture (3-3-50), 
applied with 
“trailers.” 
Two applications, |....- GOs sep -eee 1916 1 DP) L572) 79h72 0) Aco7 i oe | deor |) 19. 72 
same as above, 
including only 
plat adjacent 
to that sprayed 
3 times. 
Three applica- |..... Gh ares ae 1916 1 1 -68 | 67.52 -68 | 67.52 -68 | 67.52 
tions, 2 same as 
above; third 5 
weeks after first. 
One application |..... dO. 3572-5 1916 3 | 5.25 | 23.39 | 33.95 | 75.16 | 18.71 | 51.29 
when grape ber- 
Ties are touch- 
ing. 
One application 5 | (1)--..--.......- 1916 1 1 | 19.97 | 55.53 | 19.97 | 55.53 | 19.97 | 55.53 


weeks after fall- 
ing of blossoms. 


1 Same as above, except arsenate of lead, 24 pounds, and resin fish-oil soap instead of laundry soap. 


FACTORS DETERMINING THE TIME AND NUMBER OF APPLICATIONS. 


The time and number of applications are determined not only by the 
seasonal history and habits of the grape-berry moth, but also by the 
development of the grape itself. Fortunately the times for spraying, 
most favorable in relation to the pest and also in relation to the crop, 
are nearly coincident. It is probable, therefore, that the vineyardist 
will find it most convenient to time his operations entirely by the 
development of the fruit. 

The first spraying probably destroys the largest number of first- 
brood larve, for it is applied just before they begin hatching in num- 
bers. Besides these, it also destroys some larve which hatch before 
the blossoms fall and are feeding in the cluster, but have not entered 
a grape berry. Following this application the grapes grow very rap- 
idly and the larger part of the berry surface does not long remain 
covered. But as at this time the majority of the larve enter the 
berry at the stem end, where the spray always collects, compara- 
tively few escape. 

The second application is made after first-brood hatching begins to 
decline, but it is effective against the second brood also. As soon as 
the berries begin to touch, the majority of larve begin entering at 
the points of contact instead of at the stem ends. Spray which is 
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applied at this time is especially apt to collect at these places again, 
at which point it may be most effective later. It also covers the 
berry, and since there is comparatively little growth following this, 
it remains over the larger part of the surface until it is weathered off, 
or for about two months. Thus it remains effective during the period 
when the greater part of the second-brood larve hatch. As shown 
by the single-spray applications in 1916, this second spraying is prac- 
tically as effective against the second-brood larve as is one applied 
three weeks later, just as they are beginning to hatch. 

Larvze which succeed in entering the first berry may be poisoned 
upon moving to a second. Larger larve seldom consume enough 
poison to prevent their entering the grape berry, but may be found 
dead in the berry a day or two later, whereas those that have reached 
the fourth stage are seldom susceptible to poison in the amounts in 
which it is to be found, after weathering, on sprayed grapes. 

If this schedule is followed closely, the places on the grape berry 
at which the majority of the larvee would normally enter should be 
well covered with poison, and the surface of the berry as a whole will 
be covered for a longer time than by two sprayings applied at any 
other time. If the first application were made earlier, before the 
falling of the grape blossoms, most of the poison would be lost with 
the shedding of the floral parts, and the application would be com- 
paratively ineffective. If the second application were made earlier, 
while the berries were still growing rapidly, it could not cover the 
surface of the berries permanently nor could it collect at the points 
where the berries would touch, and while it might destroy more of 
the first brood, it would be almost entirely ineffective against the 
second. Hence no variation in the time of these two applications is 
advisable. 


RELATION OF DIFFERENT GRAPEVINE TRAINING SYSTEMS TO SPRAYING. 


The system of pruning and traming a vineyard must be largely 
determined by horticultural considerations. Nevertheless the dif- 
ferent systems greatly affect the facility with which the grapes may 
be sprayed and in other ways are related directly to the control of 
insect pests. To determine the relation to grape-berry moth con- 
trol of five of the more important systems, a small block in Mr. A. P. 
Bartlett’s vineyard was used in 1916. In all of the other spraying 
experiments the vines had been trained according to the Chautauqua 
system. This block was trained by the owner especially for this 
experiment according to the Four-cane Kniffin, Munson, Umbrella, 
High-renewal, and Chautauqua systems. 

As there may be many who are not familiar with all of these vine- 
training systems the following brief descriptions have been compiled 
from the papers of Husmann (15) and Gladwin (14). 
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Chautauqua system.—This is the system used most frequently in the 
Erie-Chautauqua grape belt. The stem reaches only to the lowest 
wire from which permanent arms to suppport the canes are carried 
right and left along the lower wire. The canes, usually about 4, are 
carried upward and tied to the upper wire or wires. 

High-renewal system.—-The head of the vine reaches only the lowest 
wire of the trellis, and the canes are tied right and left along this 
wire. The fruiting shoots growing from these canes are trained 
upright and fastened to the wires overhead. . 

Four-cane Kniffin system.—The stem is carried directly to the top 
wire of a two-wire trellis. Two canes about the level of each wire 
are tied right and left along each wire. 

Umbrella system.—This system differs chiefly from the Kniffin in 
that two canes are left instead of four. They are started at the upper 
wire and the extremities are tied down to the lower wire. 

Four-cane Munson system.—This system differs from the others 
mentioned in that it requires an overhead trellis. Across the top of 
each post a crossbar 20 inches long is fastened and outer wires are 
fastened at the ends of these crossbars, while an inner wire is fas- 
tened to the post about 6 inches lower down. A single stem is carried 
to the inner wire and four canes are left, one carried in each direction 
along each wire. 

Two regular first-brood applications with ‘‘trailers” were made. 
Vines trained according to any of these systems could be sprayed 
thoroughly and the difference in final counts is not significant, but 
the ease with which the applications were made is of considerable 
importance. 

The Kniffin and Munson systems were much the easier to spray. 
The time required was about 15 per cent less than that required for 
the Chautauqua system. ‘These systems had the advantage of having 
no upright shoots or canes to interfere with a free action of the spray 
rod. The fruit, although well protected by leaves above at the time 
of spraying, was well exposed below. The bunches hung,-in the 
Kniffin system in two layers, one below each wire, and in the Munson 
system just below the trellis, and consequently were easy to find. 
-The Munson system had the disadvantage of producing a dense 
shade, and consequently favoring grape-berry moth infestation. : 

In contrast to this, the Chautauqua system presented the disad- 
vantage of upright canes, which interfered with free action of the 
spray rod and with fruit arising from anywhere up and down these 
canes. The clusters were well protected by leaves and often isolated, 
and greater care was necessary in finding them and covering them 
with spray. 


CONTROL OF THE GRAPE-BERRY MOTH. Bid 


The umbrella system with the canes bent down from the upper 
wire to the lower presented a difficulty in spraying similar to that of 
the Chautauqua system, although it seemed slightly easier to spray. 

The high-renewal system was much more difficult to spray owing 
to the tendency of the rods to catch in the numerous upright shoots. 


SUMMARY OF IMPORTANT FACTORS IN SPRAYING PRACTICE. 


The most important factors in spray practice to control the grape- 
berry moth, shown by the final counts in 28 of the 49 experimental 
plats of three years, are summarized briefly in Table 24. Factors of 
minor importance such as a complete comparison of adhesives and 
value of nicotine sulphate are omitted. In addition, the plats in the 
experiment in the Phillips vineyard, 1914, because of the erratic 
infestation, and the plats in the Miller and Carlburg vineyard, 1915, 
which were affected by rain, are excluded. 


TaBLE 24.—Relative efficiency of spraying measures tried. 


Infested fruit. 
iS) mixt thod of licati d hedule fol We DT ai A 
pray ure, method of application, and spray schedule fol- ears (0) Average 
fae tried. sprayed Helge in adja- 
: plats. cent un- 
oes, sprayed 
checks. 
I. Arsenate oflead, paste, 3 pounds, or powder, 14 pounds; 
laundry soap 1 pound; Bordeaux mixture, 3-3-50. Ap- 
plied with ¢ trailers” immediately alter blossoms had 
fajlen and again when grape berries were just touch- Per cent. | Per cent. 
ing (or about 2 weeks later).........-.--..-:---------- 1915, 1916 7 4.12 50. 038 
IJ. Same asI except arsenate of lead omitted............... 1915 1 33. 31 28. 80 
III. Same asI except adhesive omitted ...................-- 1915 1 21.05 28. 80 
IV. Same asI except Bordeaux mixture omitted ........... 1916 1 4.01 88. 74 
V. Sameas I except arsenate oflead increased to 5 pounds 
(paste) or 24 pounds (powder). ...........--.-.-.----- 1915, 1916 6 3. 34 54. 90 
VI. Sameas I except resin fish-oilsoap used instead of laun- 
AUyISOADs Wy WOUN Gif coy ones ee cies wie lala ae are wcletsin late 1916 1 2.14 55. 53 
VII. Same as I except fish-oil soap (without resin) used in- 
stead oflaundry soap, 2 pounds....... Bese ab cate oe oe 1915, 1916 3 3.95 42. 84 
VIII. Same as I with addition of a third application 5 weeks 
PNGEGMILS teeta ee tas cist cum Meee ewstecemcsccc ses 1916 1 . 68 67.52 
IX. Same as I (including only the plat adjacent to VI) ..-.. 1916 1 1.57 79.72 
X. Same asI except first application omitted..........-.-. 1916 3 18.71 51. 29 
XI. Same as IT except “set nozzles” used in first application 
: instead on stratlers ye seo eee coves cictetereie cinerea ci meets © 1916 2 12. 87 52. 04 
XII. Same as I except “set nozzles”? used in both applica- 
tions instead of “trailers” ...-..-....--...2...-2------ 1915, 1 20. 41 28. 80 
XIII. Same as I except adhesive omitted and “‘set nozzles” 
used in both applications instead of ‘‘trailers”........ 1914 1 26.70 31.80 


This table shows that both arsenate of lead and soap are essential 
factors in the spray mixture, while Bordeaux mixture is of little 
importance. An increase in the amount of arsenate of lead is usually 
of little value, and variation among the three kinds of soap used is not 
an essential consideration. Two applications effect a practically 
satisfactory control so that the advantage of a third application is 
insignificant. The omission of the first application, or making !t 
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with ‘‘set nozzles’ instead of with ‘‘trailers,” furnishes on the aver- 
age only a partially satisfactory measure, while complete substitution 
of ‘‘set nozzles’”’ for ‘‘trailers’’ is entirely unsatisfactory. 


Spray COMBINATIONS 


A combination of sprays may be made, to control, besides the berry 
moth, practically all other important enemies of the grape in this 
region—the grape rootworm, the grape leafhopper, and the powdery 
mildew. These spraying recommendations for the control of enemies 
of the grape other than the grape-berry moth are based on recommen- 
dations of other investigators,! and were employed incidentally in 
connection with the berry-moth experiments. 

The time of the first spray application for berry. moth, just after 
the grape blossoms fall, during the seasons of 1914, 1915, and 1916, 
has been from 2 to 4 days before the appearance of the rootworm 
beetles. Without change of time or mixture this application is 
effective against the rootworm also. If this application is intended 
as rootworm control also, care should be taken to cover the upper 
surface of the foliage, for unless extra attention is given to this it 
_is apt to be done less effectively with “trailers” than with “set 
nozzles.” In exceptional instances an extra application for root- 
worm control may be necessary. This combination must not be 
attempted if it is desired to add molasses or sugar to the rootworm 
spray, aS mixtures containing sugar are very soluble and wash off 
the vines readily. Furthermore, a combination of sugar with Bor- 
deaux mixture is apt to burn foliage. 

The second berry-moth spray, applied when the berries are just 
touching, may be made effective also against the grape leafhopper 
by the addition of nicotine sulphate (40 per cent) at the rate of 1-1,600 
(+ pint to 50 gallons.) 

By the addition of Bordeaux mixture in these two applications, 
powdery mildew also can be controlled. These two applications of 
Bordeaux will be useful against black rot and downy mildew also, 
where these occur, although an additional earlier spray will be 
necessary for the control of these diseases. 


Cost. 


The cost of spraying material and labor required to control the 
grape-berry moth, if applied to contro! the berry moth alone, is 
about $5 per acre. In computing this cost it is assumed that an 
average of 6 acres are sprayed per day and that 150 gallons of liquid 
are applied per acre. This average may not be maintained if the 
water supply is inconveniently situated and the spraying machinery 
is not kept in condition, but delays due to these sources are not nor- 


1 See Quaintance and Sh sar (12), Johnson and Hammar (13), Johnson (17), and Hartzell (18). 


CONTROL OF THE GRAPE-BERRY MOTH. 39 


mally necessary. These figures do not include interest on money 
invested in the spraying machine, depreciation, breakage, or inci- 
dental costs of operation, such as gasoline and oil, since these vary 
greatly. The details of cost for a single application are as follows: 


Materials for 150 gallons of spray mixture: 


Arsenate of lead (paste), 9 pounds, 8 cents per pound..................-. $0. 72 
Lime, 3 pounds, 4 cent per pound............-.. mh tae) een ole ae) e Bye 01 
Resin fish-oil soap, 3 pounds, 64 cents per pound.....-.-.....---.------ .19 
Praveen. 1 0ayat: ©2 DOr ORY sce joe 2 a sm. s'- pe ae Bene een alge 2 1. 00 
2 RST, Ge GEES ARE ENG MIC) ta Ph eS a et ea ee ee ee . 50 
2. 42 


For the two applications the cost would be $4.84 per acre. 

The entire cost, however, need not be charged to berry-moth con- 
trol if a combination spray is used. These two spray applications 
are necessary in the majority of vineyards to secure the greatest 
possible profits, even if the berry moth is not present. In a vineyard 
where control measures are already employed against the rootworm, 
leafhopper, and powdery mildew, the additional cost per acre in 
controlling the berry moth would be as follows: 


Extra cost of labor for using ‘“‘trailers’’ instead of ‘‘set nozzles’’ in the first 


application. 
Labor cost with ‘‘trailers” (see above).:......---------------- $1. 50 
Labor cost with ‘‘set nozzles,’ 1 man and team 4 day at $5 per 
CENT Be hela eae oe ies aos eg AA a Pd NS a 675 
$0. 825 
Arsenate of lead (paste), 9 pounds for second application, at 8 cents per 
PEGE GL: 2G ie Nea i Se a ge tee ie ee ee 72 
Soap, 6 pounds (2 applications), at 64 cents per pounds..........---.-.-.-- 375 
LSD BL ws cE pees eR Sn ee a A ge ge 1. 920 


Thus, if spraying for rootworm, leafhopper, and mildew is properly 
done the extra cost of spraying for the grape-berry moth is only 
$1.92 per acre. 


SUMMARY AND RECOMMENDATIONS. 


The grape-berry moth can be controlled by spraying. Other 
methods will reduce berry-moth infestation, and some of them can 
be employed profitably to increase the efficiency of spraying, but 
none offers a dependable control in commercial vineyards. 

Gathering and destroying grape leaves in the fall is of little use in 
berry-moth control. 

Bagging grape clusters immediately after the setting of the fruit 
will exclude the berry moth and prevent infestation, but the expense 
is prohibitive in commercial vineyards in this region and may be 
used advantageously only in garden vineyards. Hand picking of 
grape berries infested by first-brood larve, if done by competent labor, 
will reduce berry-moth infestation, but except in extraordinary cases 
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will not control it. When spraying can be employed these measures 
are unnecessary. 

A number of other measures reduce infestation and generally may 
be employed as a part of vineyard practice without additional 
expense. When commercial vineyards are infested, the worst areas 
should be harvested as early as possible and the ‘trimmings’’ 
moved, to secure the largest weight for the crop and to remove as 
many larve as possible from the vineyard. Clearing away brush 
in the neighborhood of a vineyard will destroy the protection for 
hibernating pup with an ultimate reduction in infestation. When 
it is in keeping with cultural practice, pupz hibernating under the 
vines should be covered with earth in the spring by plowing, and this 
covering should remain until the period of blossoming of the grapes, 
when it should be removed with a horse hoe. This plowing should 
not be allowed to interfere with spraying. 

These practices, it must be remembered, while reducing infesta- 
tion, will not control it, and they should not be expected in any way 
to take the place of spraying. 

The following spraying practice has been found most satisfactory: 


The spray mixture— 
Arsenate of lead— 


Paste. 2 5o socio. 2h Scere eee Rees tee es pounds.. 3 

Or powder...) win) nie ac nin et ee ge donee 
Resin fish-oil soap... .. 2.5 42-5 be oe oe doves ih 
Bordeaux mixture— 

Copper sulphates. 2.022 00a 2c 2 a Se ee dos <5, 3 

Lime): 02. 25,- eats sees acid: ob 2) oe ee dOse ns ay 
Water... 22 So. jen sae eels 5 aie ope er ie an gallons.. 50 


Method of application, with ‘‘trailers”: 
Spray schedule— 
First application, immediately after falling of grape blossoms. 
Second application, when grape berries are just touching (or about two weeks 
later). 


Under some conditions it may be desirable to modify the spraying 
practice outlined above. 

In case of extremely heavy infestation the amount of arsenate of 
lead should be increased to 5 pounds (paste) or 24 pounds (powder), 
at least in the last application. 

If resin fish-oil soap is not Saailaiile, a laundry soap containing 
resin may be substituted in its place. Laundry soaps, however, vary 
greatly in their sticking and spreading qualities, and great care 
should be used in selecting those best suited to this purpose. What- 
ever soap is used, care must be taken to have it thoroughly dissolved 
before adding it to the spray mixture to prevent clogging of the 
spraying machinery. 

The use of Bordeaux mixture, while not having a direct effect upon 
the berry moth, is recommended, to prevent burning of the grape 


= 


CONTROL OF THE GRAPE-BERRY MOTH. 4] 


foliage by the combination of arsenate of lead and soap. Lime at 
the rate of 1 pound to 50 gallons may be substituted instead. Since 
it is very rarely that the fungicidal spray can be omitted with profit, 
the use of Bordeaux mixture is preferred. 

This spraying combination should control any infestation of the 
grape-berry moth, such as the writer has observed during three sea- 
sons in the Erie-Chautauqua grape belt, and has been applied suc- 
cessfully under very unfavorable weather conditions. If, however, 
through faulty spray materials or work, or adverse weather at the 
time of spraying, these applications fail to control the first-brood 
larve, they may be supplemented by a third application five or six 
weeks after the first, with the understanding that the fruit is likely 
to show heavy staining at time of harvest. This staining may be 
reduced by omitting Bordeaux mixture from the solution applied 
and using instead 1 pound of lime in 50 gallons of water. 

In case the foliage is very light at the time of the first application, 
expenses may be reduced somewhat by using “‘set nozzles” at this 
time and using ‘‘trailers’’ only for the second application. Single 
spray applications, either at the time the grape berries are just touch- 
ing or about three weeks later, will reduce the infestation and in some 
instances control it. Such measures to reduce expenses of spraying, 
however, are dangerously likely to fail in reducing the infestation 
satisfactorily, and should be adopted with great caution. 

Spraying operations will be facilitated greatly by training Te 
vines so that the clusters may be reached most quickly and covered 
with spray. Ina limited experiment the Kniffin system seemed most 
satisfactory for this purpose. 

The applications required for the control of the grape-berry moth 
are so timed that they may be combined with applications to control 
the grape rootworm, grape leafhopper, and powdery mildew, and 
some of the applications for downy mildew and black rot also may 
be combined with them. Nothing need be added to the spray solu- 
tion for rootworm control; nicotine sulphate (40 per cent) at the 
rate of 1 to 1,600 should be added to the second application for leaf- 
hopper control; and Bordeaux mixture should be used in both appli- 
cations for fungous diseases. 

The cost of spraying to control the grape-berry moth need not 
exceed $5 per acre. If the applications are made to control other 
pests as well, the charge against the berry-moth control should be 
~ considerably less. 

It should be borne in mind that unless the proper spray mixture is 
applied at the right time and the clusters are thoroughly covered, the 
work is of little value. 
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PREFATORY NOTE. 


Early in its administration of the National Forests the Forest 
Service was confronted with the problem of restoring the vegetation 
on many areas on which the natural ground cover had been com- 
pletely or partially wiped out by destructive overgrazing before the 
areas were included in National Forests. In order to secure the 
fundamental information on which beneficial changes in the prac- 
tice of grazing on such areas might be based the Forest Service 
joined the Bureau of Plant Industry in 1907 in a cooperative project 
of grazing investigations. Several important reports have been pub- 
lished, embodying the results of these various field studies, and the 
changes that have been made in the administration of grazing on 
the National Forests in accordance with the results of the investiga- — 
tions have brought about conspicuous improvement in the ground ~ 
cover, great advance in the protection of watersheds, and important . — 
increase in the number and quality of stock grazed. A. part of tho 
original plan of investigation was to make a detailed study of thé life 
history of each important grazing plant for the special purpose of 
determining its reproductive season, from the sending up of the flower _ 
stalk to the maturing of the seed, and the period necessary toenable _ 
the new seedlings to reach a size and vigor sufficient to withstand _ 
moderate trampling by stock. In the course of these studies a very 
large amount of detailed information about the important grazing 
- plants was acquired which could not be used in the more general — 
reports already published. In the paper now presented for publica- 
tion a portion of this detailed information is given, in a form suited 
to the needs of forest officers and of stock owners who desire to 
familiarize themselves with the habits and requirements of the 
plants upon which their animals subsist. Such knowledge is neces- 
sary to the highest success in their business just as a knowledge of 
the habits and requirements of cultivated plants is necessary to the . 
highest success in the business of the farmer. For the first time in 
the history of grazing-plant literature the information needed to 
accomplish this result has been acquired and presented for public use. 

FREDERICK V. CovILyeE, | 
Botanist, Bureau of Plant Industry. 
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